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PREFATORY  NOTE 

This  work  contains  virtually  all  the  non-technical  material 
contained  in  the  author's  "Guide  to  the  Study  of  Fishes."  It 
lacks  the  considerable  portion  relating  to  the  structure  and 
classification  of  fishes,  which  is  intended  rather  for  the  technical 
student  of  ichthyology. 

The  present  volume  contains  substantially  all  which  the 
author  would  have  written  had  his  original  purpose  been  to 
cover  the  subject  of  fishes  in  a  general  natural  history  of  animals. 
The  fishes  used  as  food  and  those  sought  by  anglers  in  America 
are  treated  fully,  and  proportionate  attention  is  paid  to  all 
the  existing  as  well  as  all  extinct  families  of  fishes. 

Notwithstanding  the  relative  absence  of  technical  material 
in  the  present  volume,  the  writer  hopes  that  it  may  still  be 
valuable  to  students  of  ichthyology,  though  his  chief  aim  has 
been  to  make  it  interesting  to  nature-lovers  and  anglers,  and 
instructive  to  all  who  open  its  pages. 

David  Starr  Jordan. 

June  15,  1907. 
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CHAPTER    I 
THE   LIFE   OF   THE   FISH 

A  POPULAR  ACCOUNT  OF   THE    LIFE  OF   THE    LONG-EARED 

SUNFISH,  LEPOMIS  MEGALOTIS 

BLA.T  is  a  Fish  ? — ^A  fish  is  a  back-boned  animal  which 
lives  in  the  water  and  cannot  ever  live  very  long 
anywhere  else.  Its  ancestors  have  always  dwelt  in 
water,  and  most  likely  its  descendents  will  forever  follow  their 
example.  So,  as  the  water  is  a  region  very  different  from  the 
fields  or  the  woods,  a  fish  in  form  and  structure  must  be  quite 
unlike  all  the  beasts  and  birds  that  walk  or  creep  or  fly  above 
groimd,  breathing  air  and  being  fitted  to  live  in  it.  There  are 
a  great  many  kinds  of  animals  called  fishes,  but  in  this  all  of 
them  agree:  all  have  some  sort  of  a  back-bone,  all  of  them 
breathe  their  life  long  by  means  of  gills,  and  none  have  fingers 
or  toes  with  which  to  creep  about  on  land. 

The  Long-eared  Sunfish. — If  we  would  imderstand  a  fish, 
we  must  first  go  and  catch  one.  This  is  not  very  hard  to  do,  for 
there  are  plenty  of  them  in  the  little  rushing  brook  or  among  the 
lilies  of  the  pond.  Let  us  take  a  small  hook,  put  on  it  an  angle- 
worm or  a  grasshopper, — no  need  to  seek  an  elaborate  artificial 
fly, — and  we  will  go  out  to  the  old  **  swimming-hole  '*  or  the  deep 
eddy  at  the  root  of  the  old  sttunp  where  the  stream  has  gnawed 
away  the  bank  in  changing  its  course.  Here  we  will  find 
fishes,  and  one  of  them  will  take  the  bait  very  soon.  In  one 
part  of  the  coimtry  the  first  fish  that  bites  will  be  different  from 
the  first  one  taken  in  some  other.  But  as  we  are  fishing  in 
the  United  States,  we  will  locate  our  brook  in  the  centre  of  popu- 
lation of  our  country.     This  will  be  to  the  northwest  of  Cincin- 
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nati,  among  the  low  wooded  hills  from  which  clear  brooks  flow 
over  gravelly  bottoms  toward  the  Ohio  River. .  Here  we  will  catch 
sunfishes  of  certain  species,  or  maybe  rock  bass  or  catfish:  any 
of  these  will  do  for  our  purpose.  But  one  of  our  sunfishes  is 
especially  beautiful — mottled  blue  and  golden  and  scarlet,  with 
a  long,  black,  ear-like  appendage  backward  from  his  gill-<;overs — 
and  this  one  we  will  keep  and  hold  for  our  first  lesson  in  fishes. 
It  is  a  small  fish,  not  longer  than  your  hand  most  likely,  but  it 
can  take  the  bait  as  savagely  as  the  best,  swimming  away  with 
it  with  such  force  that  you  might  think  from  the  vigor  of  its 
pull  that  you  have  a  pickerel  or  a  bass.  But  when  it  comes  out 
of  the  water  you  see  a  Httle.  flapping,  unhappy,  living  plate  of 


Pig.  2. — Long-cared  Sunfish,  LfpomU  megalotis  (Rafineaque),     (From  Clear  CrceL, 
Bli>omingtoii,  Indiana.)     Family  Cenirarthida. 

brown  and  blue  and  orange,  with  fins  wide-spread  and  eyes 
red  with  rage. 

Form  of  the  Fish. — And  now  we  have  put  the  fish  into  a 
bucket  of  water,  where  it  lies  close  to  the  bottom.  Then  we  take 
it  home  and  place  it  in  an  aquarium,  and  for  the  first  time  we 
have  a  chance  to  see  what  it  is  like.  We  see  that  its  body  is 
almost  elliptical  in  outline,  but  with  flat  sides  and  shaped  on  the 
lower  parts  very  much  like  a  boat.  This  form  we  see  is  such  as 
to  enable  it  to  part  the  water  as  it  swims.  We  notice  that  its 
prepress  comes  through  the  sculling  motion  of  its  broad,  flat  tail. 
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Face  of  a  Fish. — When  we  look  at  the  sunfish  from  the  front 
we  see  that  it  has  a  sort  of  face,  not  unlike  that  of  higher  animals. 
The  big  eyes,  one  on  each  side,  stand  out  without  eyelids,  but  the 
fish  can  move  them  at  will,  so  that  once  in  a  while  he  seems  to 
wink.  There  isn't  much  of  a  nose  between  the  eyes,  but  the 
mouth  is  very  evident,  and  the  fish  opens  and  shuts  it  as 
it  breathes.  We  soon  see  that  it  breathes  water,  taking  it  in 
through  the  mouth  and  letting  it  flow  over  the  gills,  and  then 
out  through  the  opening  behind  the  gill-covers. 

How  the  Fish  Breathes. — If  we  take  another  fish — for  we  shall 
not  kill  this  one — we  shall  see  that  in  its  throat,  behind  the  mouth- 
cavity,  there  are  four  rib-like  bones  on  each  side,  above  the 
beginning  of  the  gullet.  These  are  the  gill-arches,  and  on  each 
one  of  them  there  is  a  pair  of  rows  of  red  fringes  called  the  gills. 
Into  each  of  these  fringes  runs  a  blood-vessel.  As  the  water 
passes  over  it  the  oxygen  it  contains  is  absorbed  through  the 
skin  of  the  gill-fringe  into  the  blood,  which  thus  becomes  puri- 
fied. In  the  same  manner  the  impurities  of  the  blood  pass  out 
into  the  water,  and  go  out  through  the  gill-openings  behind. 
The  fish  needs  to  breathe  just  as  we  do,  though  the  apparatus  of 
breathing  is  not  the  same.  Just  as  the  air  becomes  loaded  with 
impurities  when  many  people  breathe  it,  so  does  the  water  in  our 
jar  or  aquarium  become  foul  if  it  is  breathed  over  and  over  again 
by  fishes.  When  a  fish  finds  the  water  bad  he  comes  to  the  sur- 
face to  gulp  air,  but  his  gills  are  not  well  fitted  to  use  undissolved 
air  as  a  substitute  for  that  contained  in  water.  The  rush  of  a 
stream  through  the  air  purifies  the  water,  and  so  again  does  the 
growth  of  water  plants,  for  these  in  the  sunshine  absorb  and 
break  up  carbonic  acid  gas,  and  throw  out  oxygen  into  the  water. 

Teeth  of  the  Fish.  -On  the  inner  side  of  the  gill-arch  we 
find  some  little  projections  which  serv^e  as  strainers  to  the  water. 
These  are  called  gill-rakers.  In  our  sunfish  they  are  short  and 
thick,  seeming  not  to  amount  to  much  but  in  a  herring  they  are 
very  long  and  numerous. 

Behind  the  gills,  at  the  opening  of  the  gullet,  are  some  roimd- 
ish  bones  armed  with  short,  thick  teeth.  These  are  called  pharyn- 
geals. They  form  a  sort  of  jaws  in  the  throat,  and  they  are  useful 
in  helping  the  little  fish  to  crack  shells.  If  we  look  at  the  mouth 
of  our  live  fish,  we  shall  find  that  when  it  breathes  or  bites  it  moves 


The  Life  of   the    Fish  5 

the  lower  jaw  very  much  as  a  dog  does.  But  it  can  move  the 
upper  jaw,  too,  a  little,  and  that  by  pushing  it  out  in  a  queer 
fashion,  as  though  it  were  thrust  out  of  a  sheath  and  then  drawn 
in.  If  we  look  at  our  dead  fish,  we  shall  see  that  the  upper  jaw 
divides  in  the  middle  and  has  two  bones  on  each  side.  On  one 
bone  are  rows  of  little  teeth,  while  the  other  bone  that  lies  behind 
it  has  no  teeth  at  all.  The  lower  jaw  has  little  teeth  like  those 
of  the  upper  jaw,  and  there  is  a  patch  of  teeth  on  the  roof  of  the 
mouth  also.  In  some  sunfishes  there  are  three  little  patches, 
the  vomer  in  the  middle  and  the  palatines  on  either  side. 

The  tongue  of  the  fish  is  flat  and  gristly.  It  cannot  move  it, 
scarce  even  taste  its  food  with  it,  nor  can  it  use  it  for  making  a 
noise.     The  unruly  member  of  a  fish  is  not  its  tongue,  but  its  tail. 

How  the  Fish  Sees. — To  come  back  to  the  fish's  eye  again. 
We  say  that  it  has  no  eyelids,  and  so,  if  it  ever  goes  to  sleep,  it 
must  keep  its  eyes  wide  open.  The  iris  is  brown  or  red.  The  pupil 
is  roimd,  and  if  we  could  cut  open  the  eye  we  should  see  that  the 
crystalline  lens  is  almost  a  perfect  sphere,  much  more  convex  than 
the  lens  in  land  animals.  We  shall  learn  that  this  is  necessary 
for  the  fish  to  see  under  water.  It  takes  a  very  convex  lens  or 
even  one  perfectly  roimd  to  form  images  from  rays  of  light 
passing  through  the  water,  because  the  lens  is  but  little  more 
dense  than  the  water  itself.  This  makes  the  fish  near-sighted. 
He  cannot  see  clearly  anything  out  of  water  or  at  a  distance. 
Thus  he  has  learned  that  when,  in  water  or  out,  he  sees  anything 
moving  quickly  it  is  probably  something  dangerous,  and  the 
thing  for  him  to  do  is  to  swim  away  and  hide  as  swiftly  as 
possible. 

In  front  of  the  eye  are  the  nostrils,  on  each  side  a  pair  of 
openings.  But  they  lead  not  into  tubes,  but  into  a  little  cup 
lined  with  delicate  pink  tissues  and  the  branching  nerves  of 
smell.  The  organ  of  smell  in  nearly  all  fishes  is  a  closed  sac, 
and  the  fish  does  not  use  the  nostrils  at  all  in  breathing.  But 
they  can  indicate  the  presence  of  anything  in  the  water  which  is 
good  to  eat,  and  eating  is  about  the  only  thing  a  fish  cares  for. 

Color  of  the  Fish. — Behind  the  eye  there  are  several  bones  on  the 
side  of  the  head  which  are  more  or  less  distinct  from  the  skull 
itself.  These  are  called  membrane  bones  because  thev  are 
formed  of  membrane  which  has  become  bony  by  the  deposition 
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in  it  of  salts  of  lime.  One  of  these  is  called  the  opercle,  or 
gill-cover,  and  before  it,  forming  a  right  angle,  is  the  pre- 
opercle,  or  false  gill-cover.  On  our  sunfish  we  see  that  the 
opercle  ends  behind  in  a  long  and  narrow  flap,  which  looks 
like  an  ear.  This  is  black  in  color,  with  an  edging  of  scarlet 
as  though  a  drop  of  blood  had  spread  along  its  margin. 
When  the  fish  is  in  the  water  its  back  is  dark  greenish-looking, 
like  the  weeds  and  the  sticks  in  the  bottom,  so  that  we  cannot 
see  it  very  plainly.  This  is  the  way  the  fish  looks  to  the  fish- 
hawks  or  herons  in  the  air  above  it  who  may  come  to  the  stream 
to  look  for  fish.  Those  fishes  wliich  from  above  look  most  like 
the  bottom  can  most  readily  hide  and  save  themselves.  The 
under  side  of  the  sunfish  is  paler,  and  most  fishes  have  the  belly 
white.  Fishes  with  white  bellies  swim  high  in  the  water,  and  the 
fishes  who  would  catch  them  lie  below.    To  the  fish  in  the  water 


Fio.  3. — Common  JSimfiah,   EiipamnlU  gihhninta  (Linnaua).     Natural   size.    (Ftoip 
life  by  R.  W.  Shufeldt,) 

all  outside  the  water  looks  white,  and  so  the  white-bellied  fishes 
are  hard  for  other  fishes  to  see,  just  as  it  is  hard  for  us  to  see  a 
white  rabbit  bounding  over  tlie  snow. 
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But  to  be  known  of  his  own  kind  is  good  for  the  sunfish,  and 
we  may  imagine  that  the  black  ear-flap  with  its  scarlet  edge 
helps  his  mate  and  friends  to  find  him  out,  where  they  swim  on 
his  own  level  near  the  bottom.  Such  marks  are  called  recognition- 
marks,  and  a  great  many  fishes  have  them,  but  we  have  no 
certain  knowledge  as  to  their  actual  purpose. 

We  are  sure  that  the  ear-flap  is  not  an  ear,  however.  No 
fishes  have  any  external  ear,  all  their  hearing  apparatus  being 
buried  in  the  skull.  They  cannot  hear  very  much:  possibly  a 
great  jar  or  splash  in  the  water  may  reach  them,  but  whenever 
they  hear  any  noise  they  swim  off  to  a  hiding-place,  for  any  dis- 
turbance whatever  in  the  water  must  arouse  a  fish's  anxiety. 
The  color  of  the  live  sunfish  is  very  brilliant.  Its  body  is  cov- 
ered with  scales,  hard  and  firm,  making  a  close  coat  of  mail, 
overlapping  one  another  like  shingles  on  a  roof.  Over  these  is  a 
thin  skin  in  which  are  set  little  globules  of  bright-colored  matter, 
green,  brown,  and  black,  with  dashes  of  scarlet,  blue,  and  white 
as  well.  These  give  the  fish  its  varied  colors.  Some  coloring 
matter  is  imder  the  scales  also,  and  this  especially  makes  the 
back  darker  than  the  lower  parts.  The  bright  colors  of  the  sun- 
fish change  with  its  surrotmdings  or  with  its  feelings.  When  it 
lies  in  wait  imder  a  dark  log  its  colors  are  very  dark.  When  it 
rests  above  the  white  sands  it  is  very  pale.  When  it  is  guarding 
its  nest  from  some  meddling  perch  its  red  shades  flash  out  as  it 
stands  with  fins  spread,  as  though  a  water  knight  with  lance  at 
rest,  looking  its  fiercest  at  the  intruder. 

When  the  simfish  is  taken  out  of  the  water  its  colors  seem  to 
fade.  In  the  aquarium  it  is  generally  paler,  but  it  will  sometimes 
brighten  up  when  another  of  its  own  species  is  placed  beside  it. 
A  cause  of  this  may  lie  in  the  nervous  control  of  the  muscles 
at  the  base  of  the  scales.  When  the  scales  lie  very  flat  the  color  has 
one  appearance.  When  they  rise  a  little  the  shade  of  color  seems 
to  change.  If  you  let  fall  some  ink-drops  between  two  panes  of 
glass,  then  spread  them  apart  or  press  them  together,  you  will 
see  changes  in  the  color  and  size  of  the  spots.  Of  this  nature  is 
the  apparent  change  in  the  colors  of  fishes  under  different  con- 
ditions. Where  the  fish  feels  at  its  best  the  colors  are  the  richest. 
There  are  some  fishes,  too,  in  which  the  male  grows  very  brilliant 
in  the  breeding  season  through  the  deposition  of  red.  white,  black, 
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or  blue  pigments,  or  coloring  matter,  on  its  scales  or  on  its  head 
or  fins,  this  pigment  being  absorbed  when  the  mating  season  is 
over.  This  is  not  true  of  the  sunfish,  who  remains  just  about 
the  same  at  all  seasons.  The  male  and  female  are  colored 
alike  and  are  not  to  be  distinguished  without  dissection.  If  we 
examine  the  scales,  we  shall  find  that  these  are  marked  with  fine 
lines  and  concentric  strijc,  and  part  of  the  apparent  color  is  due 
to  the  effect  of  the  fine  lines  on  the  light.  This  gives  the  bluish 
lustre  or  sheen  which  we  can  see  in  certain  lights,  although  we 
shall  find  no  real  blue  pigment  under  it.  The  inner  edge  of  each 
scale  is  usually  scalloped  or  crinkled,  and  the  outer  margin  of 
most  of  them  has  little  prickly  points  which  make  the  fish  seem 
rough  when  we  pass  our  hand  along  his  sides. 

The    Lateral  Line. — Along  the  side  of  the  fish  is  a  line  of 
peculiar  scales  which  runs  from  the  head  to  the  tail.     This  is 


Km.  i.—Oiorihf  (JiWi/ciTriimmn  (HiTwnstoin).  A  Japanese  bl^nny,  from  Hakodate: 
HliiiwhiK  itu'ti'iiiw'd  number  <if  laU-rnl  lines,  a  tnit  chftracU'rislic  of  many  fishes  of 
Uie  niirlli  rnrifio. 

called  the  lateral  line.  If  we  examine  it  carefully,  we  shall  see 
that  each  si.-ale  has  a  tulie  from  which  exudes  a  watery  or 
mucous  lluid.  Behind  these  tulx's  are  nerves,  and  although  not 
much  is  kno^\^l  of  the  function  of  the  tubes,  we  can  be  sure  that 
in  sonio  ilo!jn.>o  the  lateral  line  is  a  sense-organ,  perhaps  aiding 
the  fish  to  ftvl  sound-waves  or  other  disturbances  in  the  water. 
The  Fins  of  the  Fish. — The  fish  nio%'es  itself  and  directs  its 
course  in  the  w;itor  by  moans  of  its  fins.  These  are  made  up  of 
stilT  or  flexiMo  rods  growing  out  fn.im  the  bod\'  and  joined  to- 
gether by  membrane.  There  are  two  kinds  of  these  rays  or  rods 
in  the  fins.  One  s<^irt  is  ^^^thout  joints  or  branches,  tapering  to 
a  sharji  jxiint.  The  rays  thus  fashioned  are  called  spines,  and 
they  are  in  the  sunfish  stiff  and  sharp-pointed.     The  others. 
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known  as  soft  rays,  are  made  up  of  many  little  joints,  and  most 
of  them  branch  and  spread  out  brush-like  at  their  tips.  In  the 
fin  on  the  back  the  first  ten  of  the  rays  are  spines,  the  rest  are 
soft  rays.  In  the  fin  under  the  tail  there  are  three  spines,  and  in 
each  fin  at  the  breast  there  is  one  spine  with  five  soft  rays.  In 
the  other  fins  all  the  rays  are  soft. 

The  fin  on  the  back  is  called  the  dorsal  fin,  the  fin  at  the  end 
of  the  tail  is  the  caudal  fin,  the  fin  just  in  front  of  this  on  the 
lower  side  is  the  anal  fin.  The  fins,  one  on  each  side,  just  behind 
the  gill-openings  are  called  the  pectoral  fins.  These  correspond 
to  the  arms  of  man,  the  wings  of  birds,  or  the  fore  legs  of  a  turtle 
or  lizard.  Below  these,  corresponding  to  the  hind  legs,  is  the 
pair  of  fins  known  as  the  ventral  fins.  If  we  examine  the  bones 
behind  the  gill-openings  to  which  the  pectoral  fins  are  attached, 
we  shall  find  that  they  correspond  after  a  fashion  to  the  shoulder- 
girdle  of  higher  animals.  But  the  shoulder-bone  in  the  simfish 
is  joined  to  the  back  part  of  the  skull,  so  that  the  fish  has 
not  any  neck  at  all.  In  animals  with  necks  the  bones  at  the 
shoulder  are  placed  at  some  distance  behind  the  skull. 

If  we  examine  the  legs  of  a  fish,  the  ventral  fins,  we  shall 
find  that,  as  in  man,  these  are  fastened  to  a  bone  inside  called 
the  pelvis.  But  the  pelvis  in  the  sunfish  is  small  and  it  is  placed 
far  forward,  so  that  it  is  joined  to  the  tip  of  the  **  collar-bone*'  of 
the  shoulder-girdle  and  pelvis  attached  together.  The  caudal 
fin  gives  most  of  the  motion  of  a  fish.  The  other  fins  are  mostly 
used  in  maintaining  equilibrium  and  direction.  The  pectoral 
fins  are  almost  constantly  in  motion,  and  they  may  sometimes 
help  in  breathing  by  starting  currents  outside  which  draw  water 
over  the  gills. 

The  Skeleton  of  the  Fish. — The  skeleton  of  the  fish,  like  that 
of  man,  is  made  up  of  the  skull,  the  back-bone,  the  limbs,  and 
their  appendages.  But  in  the  fish  the  bones  are  relatively 
smaller,  more  numerous,  and  not  so  firm.  The  front  end  of  the 
vertebral  column  is  modified  as  a  skull  to  contain  the  little 
brain  which  serves  for  all  a  fish's  activities.  To  the  skull  are 
attached  the  jaws,  the  membrane  bones,  and  the  shoulder- 
girdle.  The  back-bone  itself  in  the  sunfish  is  made  of  about 
twenty-fotir  pieces,  or  vertebrae.  Each  of  these  has  a  roimded 
central  part,  concave  in  front  and  behind.       Above  this  is  a 
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channel  through  which  the  great  spinal  cord  passes,  and  above 
and  below  are  a  certain  number  of  processes  or  projecting 
points.  To  some  of  these,  through  the  medium  of  another  set  of 
sharp  bones,  the  fins  of  the  back  are  attached.  Along  the  sides 
of  the  body  are  the  slender  ribs. 

The  Fish  in  Action. — The  fish  is,  like  any  other  animal,  a 
machine  to  convert  food  into  power.  It  devours  other  animals 
or  plants,  assimilates  their  substance,  takes  it  over  into  itself, 
and  through  its  movements  uses  up  this  substance  again.  The 
food  of  the  sunfish  is  made  up  of  worms,  insects,  and  little  fishes. 
To  seize  these  it  uses  its  mouth  and  teeth.  To  digest  them  it 
needs  its  alimentary  canal,  made  of  the  stomach  with  its  glands 
and  intestines.  If  we  cut  the  fish  open,  we  shall  find  the  stomach 
with  its  pyloric  caeca,  near  it  the  large  liver  with  its  gall- 
bladder, and  on  the  other  side  the  smaller  spleen.  After  the 
food  is  dissolved  in  the  stomach  and  intestines  the  nutritious 
part  is  taken  up  by  the  walls  of  the  alimentary  canal,  whence 
it  passes  into  the  blood. 

The  blood  is  made  pure  in  the  gills,  as  we  have  already  seen. 
To  send  it  to  the  gills  the  fish  has  need  of  a  little  pumping-engine, 
and  this  we  shall  find  at  work  in  the  fish  as  in  all  higher  animals. 
This  engine  of  stout  muscle  surrounding  a  cavity  is  called  the 
heart.  In  most  fishes  it  is  close  behind  the  gills.  It  contains 
one  auricle  and  one  ventricle  only,  not  two  of  each  as  in  man. 
The  auricle  receives  the  impure  blood  from  all  parts  of  the  body. 
It  passes  it  on  to  the  ventricle,  which,  being  thick-walled,  is 
dark  red  in  color.  This  passes  the  blood  by  convulsive  action, 
or  heart-beating,  on  to  the  gills.  From  these  the  blood  is  col- 
lected in  arteries,  and  without  again  returning  to  the  heart  it 
flows  all  through  the  body.  The  blood  in  the  fish  flows  slug- 
gishly. The  combustion  of  waste  material  goes  on  slowly,  and 
so  the  blood  is  not  made  hot  as  it  is  in  the  higher  beasts  and 
birds.  Fishes  have  relatively  little  blood;  what  there  is  is 
rather  pale  and  cold  and  has  no  swift  current. 

If  we  look  about  in  the  inside  of  a  fish,  we  shall  find  close 
along  the  lower  side  of  the  back-bone,  covering  the  great  artery, 
the  dark  red  kidneys.  These  strain  out  from  the  blood  a  cer- 
tain class  of  impurities,  poisons  made  from  nerve  or  muscle 
waste  which  cannot  be  burned  away  by  the  oxygen  of  respiration. 
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The  Air-bladder. — In  the  front  part  of  the  sunfish,  just  above 
the  stomach,  is  a  closed  sac,  filled  with  air.  This  is  called  the 
air-bladder,  or  swim-bladder.  It  helps  the  fish  to  maintain  its 
place  in  the  water.  In  bottom  fishes  it  is  almost  always  small, 
while  fishes  that  rise  and  fall  in  the  current  generally  have  a 
large  swim-bladder.  The  gas  inside  it  is  secreted  from  the 
blood,  for  the  sunfish  has  no  way  of  getting  any  air  into  it  from 
the  outside. 

But  the  primal  purpose  of  the  air-bladder  was  not  to  serve 
as  a  float.  In  very  old-fashioned  fishes  it  has  a  tube  connecting 
it  with  the  throat,  and  instead  of  being  an  empty  sac  it  is  a  true 
limg  made  up  of  many  lobes  and  parts  and  lined  with  little  blood- 
vessels. Such  fishes  as  the  garpike  and  the  bowfin  have  limg- 
like  air-bladders  and  gulp  air  from  the  surface  of  the  water. 

In  the  very  little  stmfish,  when  he  is  just  hatched,  the  air- 
bladder  has  an  air-duct,  which,  however,  is  soon  lost,  leaving 
onlv  a  closed  sac.  From  all  this  we  know  that  the  air-bladder 
is  the  remains  of  what  was  once  a  lung,  or  additional  arrange- 
ment for  breathing.  As  the  gills  furnish  oxygen  enough,  the 
limg  of  the  common  fish  has  fallen  into  disuse  and  thrifty  .\ature 
has  used  the  parts  and  the  space  for  another  and  a  very  different 
purpose.  This  will  ser\'e  to  help  us  to  understand  the  swim- 
bladder  and  the  way  the  fish  came  to  acquire  it  as  a  substitute 
for  a  limg. 

The  Brain  of  the  Fish. — The  movements  of  the  fish,  like  those 
of  everv'  other  complex  animal,  are  directerl  by  a  central  ner- 
vous system,  of  which  the  principal  part  is  in  the  head  and  is 
known  as  the  brain.  From  the  eye  of  the  fish  a  large  ner\'e 
goes  to  the  brain  to  rep^jrt  what  is  in  sight.  Other  ner\'es  go 
from  the  nostrils,  the  ears,  the  skin,  and  every  part  which  has 
any  sort  of  capacity  for  feeling.  These  ner\'es  carrv'  their  mes- 
sages inward,  and  when  they  reach  the  brain  they  may  be  trans- 
formed into  movement.  The  brain  sends  back  messages  to  the 
muscles,  directing  them  to  contract.  Their  contraction  moves 
the  fins,  and  the  fish  is  shoved  along  through  the  water.  To 
scare  the  fish  or  to  attract  it  to  its  food  or  to  its  mate  is  about 
the  whole  range  of  the  effect  that  sight  or  touch  has  on  the 
animaL  These  sensations  changed  into  movement  constitute 
what  is  called  reflex  action.  j)erformance  ifi-ithout  thinking  of 
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what  is  being  done.  With  a  boy,  many  familiar  actions  may  \ye 
equaUy  reflex.  The  boy  can  also  do  many  other  things  "of  his 
own  accord,"  that  is,  by  conscious  efTr>rt.  He  can  chfyose  among 
a  great  many  possible  actions.  But  a  fish  cannot.  If  he  is 
scared,  he  must  swim  away,  and  he  has  no  way  U)  stop  himself. 
If  he  is  hungr\%  and  most  fishes  are  sr>  all  the  time,  he  will  s[)Ting 
at  the  bait.  If  he  is  thirsty,  he  will  gasp,  and  there  is  nothing 
else  for  him  to  do.  In  other  words,  the  activities  of  a  fish  are 
nearly  all  reflex,  most  of  them  being  suggestcfl  and  immediately 
directed  by  the  influence  of  external  things.  iiec^iUMt  its 
actions  are  all  reflex  the  brain  is  vfrry  small,  very  jjrimitive,  and 
very  simple,  nothing  more  being  neederl  for  aut^/matic  move- 
ment. Small  as  the  fish's  skull-cavity  is,  the  brain  d<^jes  nr>t 
half  fill  it. 

The  vacant  space  abrmt  the  little  brain  is  filler!  with  a  fatty 
fluid  mass  looking  like  white  of  (tg^,  intended  for  its  protf:t::tion. 
Taking  the  dead  sunfish  Cfor  the  live  one  we  shall  Irx'^k  aftfrr 
carefully,  giving  him  everv-  day  fresh  water  and  a  fresh  worm 
or  snail  or  bit  of  beef),  if  we  cut  off  the  upper  part  of  the  skull 
we  shall  see  the  separate  parts  of  the  f^rain.  most  r,i  the-m  lying 
in  pairs,  side  by  side,  in  the  ?Kittom  of  the  ?>  rain -cavity.  The 
largest  pair  is  near  the  middle  of  the  length  of  the  fjrain,  two 
ner\'e-masses  ^'or  ganglia),  each  one  round  and  hollow.  If  we 
turn  these  over,  we  shrxll  see  that  the  nerves  of  the  eye  run  into 
them.  We  know  then  that  these  ner^'e-masses  rerdve  the 
impressions  of  sight,  and  so  they  are  callerl  optic  lobes.  In 
front  of  the  optic  Ic^bes  are  two  smaller  and  more  oblong  nfrrve-^ 
masses.  These  constitute  the  cerebnim.  This  is  the  thinking 
part  of  the  brain,  and  in  man  and  in  the  higher  animal:^  it  maken 
up  the  greater  part  oi  it,  'overlapping  and  hiding  the  other  g-inpflia. 
But  the  fish  ha."5  not  much  neetl  for  thinking  and  its  fore-br."^in 
or  cerebrum  is  verv  small.  In  front  of  thej^e  are  two  -.mall, 
slim  projections,  one  going  to  eai^.h  nostril.  These  are  the  ''Afrdx-:- 
torv  lobes  which  receive  the  sen:v±tion  of  smell.  B-^hind  the 
optic  Iiobes  is  a  single  small  Woe,  not  di'v'ided  intrj  two.  Thi.i 
is  the  cerebeOtmi  and  it  has  charge  of  certain  prjwer'i  of  motion. 
Under  the  cerebellum  is  the  medulla,  betow  which  the  spinal 
cord  begins.  The  rest  of  the  spinal  cord  is  threadal  through 
the  difterent  vertebras  back  to  the  tail,  ami  at  each  joint  it  :ierj»is 
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out  nerves  of  motion  and  receives  nerves  of  sense.  Everything 
that  is  done  by  the  fish,  inside  or  outside,  receives  the  attention 
of  the  Httle  branches  of  the  great  nerve-cord. 

The  Fish's  Nest. — The  sunfish  in  the  spawning  time  will 
build  some  sort  of  a  nest  of  stones  on  the  bottom  of  the  eddy, 
and  then,  when  the  eggs  are  laid,  the  male  with  flashing  eye  and 
fins  all  spread  will  defend  the  place  with  a  good  deal  of  spirit. 
All  this  we  call  instinct.  He  fights  as  well  the  first  time  as 
the  last.  The  pressure  of  the  eggs  suggests  nest-building  to 
the  female.  The  presence  of  the  eggs  tells  the  male  to  defend 
them.  But  the  facts  of  the  nest-building  and  nest  protection  are 
not  very  well  imderstood,  and  any  boy  who  can  watch  them  and 
describe  them  truly  will  be  able  to  add  something  to  science. 


CHAPTER   II 


THE  EXTERIOR   OF   THE   FISH 

iORH  of  Body. — With  a  glance  at  the  fish  as  a  li\'ing 
or^nism  and  some  knowledge  of  those  structures 
which  are  to  be  readily  seen  without  dissection,  we 
are  prepared  to  examine  its  anatomy  in  detail,  and  to  note  some 
of  the  variations  which  may  be  seen  in  different  parts  of  the 
great  group. 

In  general  fishes  are  boat-shaped,  adapted  for  swift  prepress 
through  the  water.  They  are  longer  than  broad  or  deep  and 
the  greatest  is-idth  is  in  front  of  the  middle,  lea\'ing  the  com- 
pressed paddle-like  tail  as  the  chief  organ  of  locomotion. 

But  to  all  these  statements  there  are  numerous  exceptions. 
Some  fishes  depend  for  protection,  not  on  swiftness,  but  on  the 
thorny  skin  or  a  bony  coat  of  mail.  Some  of  these  are  almost 
globular  in  form,  and  their  outline  bears  no  resemblance  to  that 


Flo.  6. — Rne-cone  Fish,  Monocentria  japonieua  (HouUuyn).     Waka,  Japan, 
of  a  boat.     The  trunkfish  (Ostracion)  in  a  hard  bony  box  has 


no  need  of  rapid  progress. 
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Flo.  8. — Thread-eel,  Nemichthyg  avocella  Jordan  and  nilberl.     Vnncoui-er  Islund. 
Fig.  9. — Seii-horae,  Hippocampus  hvrUoniua  Dekay.     Virginia. 
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Fia.  11. — Anko  or  Fi^ing-fiog,  Lophiut  Jiiulon  (Jordan).  Mateuahima  Bay,  Japan. 
(The  short  liiu:  in  nil  coaes  shows  tho  degree  of  reduction;  it  represents  an 
incb  of  the  6Bh'a  length.) 
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The  pine-cone  fish  (Monocentris  japonicus)  adds  strong  fin- 
spines  to  its  bony  box,  and  the  porcupine  fish  (Dtodoft  hystrix) 
is  covered  with  long  prickles  which  keep  away  all  enemies. 

Among  swift  fishes,  there  are  some  in  which  the  body  is 
much  deeper  than  long,  as  in  Antigonia.  Certain  sluggish  fishes 
seem  to  be  all  head  and  tail,  looking  as  though  the  body  by 
some  accident  had  been  omitted.  These,  like  the  headfish 
(Mola  mold)  are  protected  by  a  leathery  skin.  Other  fishes,  as 
the  eels,  are  extremely  long  and  slender,  and  some  carry  this 
elongation  to  great  extremes.  Usually  the  head  is  in  a  line 
with  the  axis  of  the  body,  but  in  some  cases,  as  the  sea-horse 
{Hippocampus),  the  head  is  placed  at  right  angles  to  the  axis, 
and  the  body  itself  is  curved  and  cannot  be  straightened  with- 
out injury.  The  type  of  the  swiftest  fish  is  seen  among  the 
mackerels  and  tunnies,  where  every  outline  is  such  that  a  racing 
yacht  might  copy  it. 

The  body  or  head  of  the  fish  is  said  to  be  compressed  when 
it  is  flattened  sidewise,  depressed  when  it  is  flattened  vertically. 
Thus  the  Peprilus  (Fig.  lo)  is  said  to  be  compressed,  while  the 
fishing-frog  (Lophius)  (Fig.  ii)  has  a  depressed  body  and  head. 
Other  terms  as  truncate  (cut  off  short),  attenuate  (long-drawn 
out),  robust,  cuboid,  filiform,  and  the  like  may  be  needed  in 
descriptions. 

Measurement  of  the  Fish. — As  most  fishes  grow  as  long  as 
they  live,  the  actual  length  of  a  specimen  has  not  much  value 
for  purposes  of  description.  The  essential  point  is  not  actual 
length,  but  relative  length.  The  usual  standard  of  measure- 
ment is  the  length  from  the  tip  of  the  snout  to  the  base  of  the 
caudal  fin.  With  this  length  the  greatest  depth  of  the  body, 
the  greatest  length  of  the  head,  and  the  length  of  individual  parts 
may  be  compared.  Thus  in  the  Rock  Hind  (Eptnephelus 
adscensionis) ,  fig.  12,  the  head  is  contained  2f  times  in  the 
length,  while  the  greatest  depth  is  contained  three  times. 

Thus,  again,  the  length  of  the  muzzle,  the  diameter  of  the  eye, 
and  other  dimensions  may  be  compared  with  the  length  of  the 
head.  In  the  Rock  Hind,  fig.  12,  the  eye  is  5  in  head,  the  snout 
is  a\  in  head,  and  the  maxillary  2y.  Young  fishes  have  the 
eye  larger,  the  body  slenderer,  and  the  head  larger  in  proportion 
than  old  fishes  of  the  same  kind.     The  mouth  grows  larger 
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with  age,  and  is  sometimes  larger  also  in  the  male  sex.  The 
development  of  the  fins  often  varies  a  good  deal  in  some  fishes 
with  age,  old  fishes  and  male  fishes  having  higher  fins  when 


Fia.  12. — RocL  Hind  or  Cabra  Mora  of  the  West  Indies,  Bpinepkelus  adscentionta 
(Osbeck),    Family  Serranida. 

such  differences  exist.  These  variations  are  soon  understood  by 
the  student  of  fishes  and  cause  little  doubt  or  confusion  in  tlie 
study  of  fishes. 

The  Scales,  or  Exoskeleton. — The  surface  of  the  fish  may  be 
naked  as  in  the  catfish,  or  it  may  be  covered  with  scales,  prickles, 
shagreen,  or  bony  plates.  The  hard  covering  of  the  skin,  when 
present,  is  known  as  the  exoskeleton,  or  outer  skeleton.  In  the 
fish,  the  exoskeleton,  whatever  form  it  may  assume,  may  be 
held  to  consist  of  modified  scales,  and  this  is  usually  obviously 
the  case.  The  skin  of  the  fish  may  be  thick  or  thin,  bony, 
homy,  leathery,  or  paper\',  or  it  may  have  almost  any  inter- 
mediate character.  When  protected  by  scales  the  skin  is  usually 
thin  and  tender;  when  unprotected  it  may  be  ossified,  as  in  the 
-sea-horse;  homy,  as  in  the  headfish;  leathery,  as  in  the  catfish; 
of  it  may,  as  in  the  sea-snails,  form  a  loose  scarf  readily  de- 
tachable from  the  muscles  below. 

The  scales  themselves  may  be  broadly  classified  as  ctenoid, 
cj-cloid,  placoid,  ganoid,  or  prickly. 

Ctenoid  and  Cycloid  Scales.— KormaWy  formed  scales  are 
rounded  in  outline,  marked  by  fine  concentric  rings,  and  crossed 
on  the  inner  side  by  a  few  strong  radiating  ridgp?  and  folds. 
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They  usually  cover  the  body  more  or  less  evenly  and  are  imbri- 
cated like  shingles  on  a  roof,  the  free  edge  being  turned  back- 
ward. Such  normal  scales  are  of  two  types,  ctenoid  or  cycloid. 
Ctenoid  scales  have  a  comb-edge  of  fine  prickles  or  cilia;  cycloid 
scales  have  the  edges  smooth.  These  two  types  are  not  very 
different,  and  the  one  readily  passes  into  the  other,  both  being 
sometimes  seen  on  different  parts  of  the  same  fish.  In  general, 
however,  the  more  primitive  representatives  of  the  typical  fishes, 
those  with  abdominal  ventrals  and  without  spines  in  the  fins, 
have  cycloid  or  smooth  scales.  Examples  are  the  salmon, 
herring,  minnow,  and  carp.  Some  of  the  more  specialized 
spiny-rayed  fishes,  as  the  parrot-fishes,  have,  however,  scales 
equally  smooth,  although  somewhat  different  in  structure. 
Sometimes,  as  in  the  eel,  the  cycloid  scales  may  be  reduced  to 
mere  rudiments  buried  in  the  skin. 

Ctenoid  scales  are  beset  on  the  free  edge  by  little  prickles  or 
points,  sometimes  rising  to  the  rank  of  spines,  at  other  times 
soft  and  scarcely  noticeable,  when  they  are  known  as  ciliate  or 
eyelash-like.  Such  scales  are  possessed  in  general  by  the  more 
specialized  types  of  bony  fishes,  as  the  perch  and  bass,  those 
with  thoracic  ventrals  and  spines  in  the  fins. 

Placoid  Scales. — Placoid  scales  are  ossified  papilte,  minute, 
enamelled,  and  close-set,  forming  a  fine  shagreen.  These  are 
characteristic  of  the  sharks,  and  in  the 
most  primitive  sharks  the  teeth  are  evidently 
modifications  of  these  primitive  structures. 
Some  other  fishes  have  scales  which  apixsar 
shagreen-hke  to  sight  and  feeling,  but  only 
the  sharks  have  the  peculiar  structure  to 
which  Agassiz  gave  the  name  of  placoid. 
The  rough  prickles  of  the  filcfishes  and 
some  sculpins  are  not  placoid,  but  are  re- 
duced or  modified  ctenoid  scales,  scales  nar- 
rowed and  re'duced  to  prickles. 

Bony  and  Prickly  Scales. — Bony  and  prickly  scales  are 
found  in  great  variety,  and  scarcely  admit  of  description  or 
classification.  In  general,  prickly  points  on  the  skin  are  modifi- 
cations of  ctenoid  scales.  Ganoid  scales  are  thickened  and  cov- 
ered with  bony  enamel,  much  like  that  seen  in  teeth,  otherwise 


Fio.  13.  —  Scales  of 
AfanihBensus  brsntii 
(Agassiz).        (.Afler 
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essentially  lilre  cycloid  scales.  These  are  found  in  the  garpike 
and  in  many  genera  of  extinct  Ganoid  and  Crossopterygian 
fishes.  In  the  line  of  descent  the  placoid  scale  preceded  the 
ganoid,  which  in  turn  was  followed  by  the 
cycloid  and  lastly  by  the  ctenoid  scale.  Bony 
scales  in  other  types  of  fishes  may  have  noth- 
ing structvrally  in  common  with  ganoid  scales 
or  plates,  however  great  may  be  the  superficial 
resemblance. 

The  distribution  of  sc^Jes  on  the  body  may 
vary  exceedingly.  In  some  fishes  the  scales 
Fia  14.— Cycloid  are  arranged  in  very  regular  series;  in  others 
they  are  variously  scattered  over  the  body. 
Some  are  scaly  everywhere  on  head,  body,  and  fins.  Others 
may  have  only  a  few  lines  or  patches.  The  scales  may  be 
everywhere  alike,  or  they  may  in  one  part  or  another  be  greatly 
modified.  Sometimes  they  are  transformed  into  feelers  or  tactile 
organs.  The  number  of  scales  is  always  one  of  the  most  valu- 
able of  the  characters  by  which  to  distinguish  species. 

Lateral  Line. — The  lateral  line  in  most  fishes  consists  of  a 
series  of  modified  scales,  each  one  provided  with  a  mucous  tube 
extending  along  the  side  of  the  body  from  the  head  to  the  caudal 
fin.  The  canal  which  pierces  each  scale  is  simple  at  its  base,  but 
its  free  edge  is  often  branched  or  ramified.  In  most  spiny-rayed 
fishes  it  runs  parallel  with  the  outline  of  the  back.  In  most 
soft-rayed  fishes  it  follows  rather  the  outline  of  the  belly.  It  is 
subject  to  many  variations.  In  some  large  groups  (Gobiidtr, 
PfEcihidce)  its  surface  structures  are  entirely  wanting.  In  scale- 
less  fishes  the  mucous  tube  lies  in  the  skin  itself.  In  some 
groups  the  lateral  line  has  a  peculiar  position,  as  in  the  flying- 
fishes,  where  it  forms  a  raised  ridge  bounding  the  belly.  In 
many  cases  the  lateral  line  has  branches  of  one  sort  or  another. 
It  is  often  double  or  triple,  and  in  some  cases  the  whole  back 
and  sides  of  the  fish  are  covered  with  lateral  lines  and  their 
ramifications.  Sometimes  peculiar  sense-organs  and  occasionally 
eye-like  luminous  spots  are  developed  in  connection  with  the 
lateral  line,  enabling  the  fish  to  see  in  the  black  depths  of  the 
sea.     These  will  be  noticed  in  another  chapter. 

The  Lateral  Line  as  a  Mucous  Channel. — The  more  primitive 
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condition  of  the  lateral  line  is  seen  in  the  sharks  and  chimaeras, 
in  which  fishes  it  appears  as  a  series  of  channels  in  or  under 
the  skin.  These  channels  are  filled  with  mucus,  which  exudes 
through  occasional  open  pores.  In  many  fishes  the  bones 
of  the  skull  are  cavernous,  that  is,  provided  with  cavities  filled 


Fig.   15. — Singing  Fish  (with  many  lateral  lines),  Porichihya   porosiaaimus  (Cuv. 

and  Val.)'     Oulf  of  Mexico. 

with  mucus.    Analogous  to  these  cavities  are  the  mucous  chan- 
nels which  in  primitive  fishes  constitute  the  lateral  line. 

Function  of  the  Lateral  Line. — The  general  function  of  the 
lateral  line  with  its  tubes  and  pores  is  still  little  understood. 
As  the  structures  of  the  lateral  line  are  well  provided  with 
nerves,  it  has  been  thought  to  be  an  organ  of  sense  of  some 
sort  not  yet  understood.  Its  close  relation  to  the  ear  is  beyond 
question,  the  ear-sac  being  an  outgrowth  from  it. 

**The  original  significance  of  the  lateral  line,*'  according  to 
Dr.  Dean,*  **as.yet  remains  undetermined.  It  appears  inti- 
mately if  not  genetically  related  to  the  sense-organs  of  the  head 
and  gill  region  of  the  ancestral  fish.  In  response  to  special 
aquatic  needs,  it  may  thence  have  extended  farther  and  farther 
backward  along  the  median  line  of  the  trunk,  and  in  its  later 
differentiation  acquired  its  metameral  characters.''  In  view 
of  its  peculiar  nerve-supply,  **the  precise  function  of  this  entire 
system  of  organs  becomes  especially  difficult  to  determine. 
Feeling,  in  its  broadest  sense,  has  safely  been  admitted  as  its 
possible  use.  Its  close  genetic  relationship  to  the  hearing 
organ  suggests  the  kindred  function  of  determining  waves  of 
vibration.  These  are  transmitted  in  so  favorable  a  way  in 
the  aquatic  medium  that  from  the  side  of  theory  a  system  of 

*  Fishes  Recent  and  Fossil,  p.  52. 
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hypersensitive  end-organs  may  well  have  been  established. 
The  sensory  tracts  along  the  sides  of  the  body  are  certainly 
well  situated  to  determine  the  direction  of  the  approach  of 
friend,  enemy,  or  prey." 

The  Fins  of  Fishes. — The  organs  of  locomotion  in  the  fishes 
are  known  as  fins.  ,  These  are  composed  of  bony  or  cartilaginous 
rods  or  rays  connected  by  membranes.  The  fins  are  divided 
mto  two  groups,  paired  fins  and  vertical  fins.  The  pectoral  fins, 
one  on  either  side,  correspond  to  the  anterior  limbs  of  the  higher 
vertebrates.  The  ventral  fins  below  or  behind  them  represent 
the  hmder  limbs.  Either  or  both  pairs  may  be  absent,  but 
the  ventrals  are  much  more  frequently  abortive  than  the  pec- 
torals. The  insertion  of  the  ventral  fins  may  be  abdominal,  as 
in  the  sharks  and  the  more  generalized  of  the  bony  fishes,  thoracic 
tmder  the  breast  (the  pelvis  attached  to  the  shoulder-girdle)  or 
jugular,  tmder  the  throat.  When  the  ventral  fins  are  ab- 
dominal, the  pectoral  fins  are  usually  placed  very  low.  The 
paired  fins  are  not  in  general  used  for  progression  in  the  water, 
but  serve  rather  to  enable  the  fish  to  keep  its  equilibrium. 
With  the  rays,  however,  the  wing-like  pectoral  fins  form  the 
chief  organ  of  locomotion. 

The  fin  on  the  median  line  of  the  back  is  called  the  dorsal, 
that  on  the  tail  the  caudal,  and  that  on  the  lower  median  line 
the  anal  fin.  The  dorsal  is  often  divided  into  two  fins  or  even 
three.  The  anal  is  sometimes  divided,  and  either  dorsal  or 
anal  fin  may  have  behind  it  detached  single  rays  called  finlets. 

The  rays  composing  the  fin  may  be  either  simple  or  branched 
The  branched  rays  are  always  articulated,  that  is,  crossed  by 
numerous  fine  joints  which  render  them  flexible.  Simple  rays 
are  also  sometimes  articulate.  Rays  thus  jointed  are  known 
as  soft  rays,  while  those  rays  which  are  neither  jointed  nor 
branched  are  called  spines.  A  spine  is  ustially  stiff  and  sharp- 
pointed,  but  it  may  be  neither,  and  some  spines  are  very  slen- 
der and  flexible,  the  lack  of  branches  or  joints  being  the 
feature  which  distinguishes  spine  from  soft  ray. 

The  anterior  rays  of  the  dorsal  and  anal  fins  are  spinous  in 
most  fishes  with  thoracic  ventrals.  The  dorsal  fin  has  usu- 
ally about  ten  spines,  the  anal  three,  but  as  to  this  there  is 
much  variation  in  different  groups.       When  the  dorsal  is  di- 
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vided  all  the  rays  of  the  first  dorsal  and  usually  the  first  ray  of 
the  second  are  spines.  The  caudal  fin  has  never  true  spines, 
though  at  the  base  of  its  lobes  are  often  rudimentary  rays 
which  resemble  spines.  Most  spineless  fishes  have  such  rudi- 
ments in  front  of  their  vertical  fins.  The  pectoral,  as  a  rule, 
is  without  spines,  although  in  the  catfishes  and  some  others  a 
single  large  spine  may  be  developed.  The  ventrals  when  ab- 
nominal  are  usually  without  spines.  When  thoracic  each 
usually,  but  not  always,  consists  of  one  spine  and  five  soft 
rays.  When  jugular  the  number  of  soft  rays  may  be  reduced, 
this  being  a  phase  of  degeneration  of  the  fin.  In  writing  de- 
scriptions of  fishes  the  number  of  spines  may  be  indicated  by 
Roman  nimierals,  those  of  the  soft  rays  by  Arabic.  Thus 
D.  XII-I,  17  means  that  the  dorsal  is  divided,  that  the  an- 
terior portion  consists  of  twelve  spines,  the  posterior  of  one 
spine  and  seventeen  soft  rays.  In  some  fishes,  as  the  catfish  or 
the  salmon,  there  is  a  small  fin  on  the  back  behind  the  dorsal 
fin.  This  is  known  as  the  adipose  fin,  being  formed  of  fatty 
substance  covered  by  skin.  In  a  few  catfishes,  this  adipose  fin 
develops  a  spine  or  soft  rays. 

Muscles. — The  movements  of  the  fins  are  accomplished  by 
the  muscles.  These  organs  lie  along  the  sides  of  the  body, 
forming  the  flesh  of  the  fish.  They  are  little  specialized,  and 
not  clearly  differentiated  as  in  the  higher  vertebrates. 

With  the  higher  fishes  there  are  several  distinct  systems  of 
muscles  controlling  the  jaws,  the  gills,  the  eye,  the  different 
fins,  and  the  body  itself.  The  largest  of  all  is  the  great  lateral 
muscle,  composed  of  flake-like  segments  (myocommas)  which 
correspond  in  general  with  the  number  of  the  vertebras.  In 
general  the  muscles  of  the  fish  are  white  in  color.  In  some 
groups,  especially  of  the  mackerel  family,  they  are  deep  red, 
charged  with  animal  oils.  In  the  salmon  they  are  orange-red, 
a  color  also  due  to  the  presence  of  certain  oils. 

In  a  few  fishes  muscular  structures  are  modified  into  electric 
organs.     These  will  be  discussed  in  a  later  chapter. 
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CHAPTER  III 
THE   DISSECTION   OF    THE    FISH 

Blue-green  Sunfish. — The  organs  found  in  the 
abdominal  cavity  of  the  fish  may  be  readily  traced 
in  a  rapid  dissection.  Any  of  the  bony  fishes  may 
be  chosen,  but  for  our  purposes  the  sunfish  will  serve 
as  well  as  any.  The  names  and  location  of  the  principal 
organs  are  sho^-n  in  the  accompanying  figure,  from  Kellogg's 
Zoolog\\  It  represents  the  blue-green  sunfish,  Apomotis  cya- 
nellus,  from  the  Kansas  River,  but  in  these  regards  all  the 
species  of  sunfishes  are  alike.  We  may  first  glance  at  the  dif- 
ferent organs  as  sho^ii  in  the  sequence  of  dissection,  leaving  a 
detailed  account  of  each  to  the  subsequent  pages. 

The  ^^scenL — Opening  the  body  cavity  of  the  fish,  as  shown 
in  the  plate,  we  see  below  the  back-bone  a  membranous  sac 
closed  and  filled  "with  air.  This  is  the  air-bladder,  a  rudiment 
of  that  structure  which  in  higher  vertebrates  is  developed  as  a 
hing.  The  alimentar)'  canal  passes  through  the  abdominal  cavity 
extending  from  the  mouth  through  the  pharj'nx  and  ending  at 
the  anus  or  vent.  The  stomach  has  the  if/rm  of  a  blind  sac,  and 
at  its  termination  are  a  number  of  tubular  sacs,  the  pyloric 
caeca,  which  secrete  a  digestive  fluid.  B^yfjnd  the  pylr>rus  ex- 
tends the  intestine  -vi-ith  one  cjt  two  l^x^ps  to  the  anus.  O/n- 
nected  T\'ith  the  intestine  anteriorly  is  the  large  re^i  mass  of  the 
Hver,  -with  its  gall-l:>ladder,  whic?i  serves  as  a  reser\*oir  for  bile, 
the  fltrid  the  liver  secretes.  Farther  back  is  another  red  glandu- 
lar niass,  the  si:>leen. 

In  front  of  the  liver  and  separated  from  it  by  a  membrane 
is  the  heart.  This  is  of  four  parts.  The  post^or  part  is  a 
thin-walled  resen'oir,  the  sinus  venosus.  into  which  blood 
enters  through  the  jugular  vein  from  the  head  and  thnjugh 
the  cardinal  vein  from  the  kidnej'.  From  the  sinus  venosus 
it  pases  forward  into  a  lai^  thin'-walled  chamber,  the  auricle. 
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Next  it  fkms  into  the  thick-walkd  ventricle,  whence  by  the 
rhythmical  ooDStmctioo  of  its  walk  it  is  forced  into  an  arterial 
bolb  which  lies  at  the  base  of  the  ventral  aorta,  which  carries 
it  00  to  the  giOs.  After  passing  throog^  the  fine  giD-filameTiits. 
it  is  vetamed  to  the  dorsal  aorta,  a  large  Mood-vessel  which  ex- 
tends akog  the  kywer  sarfa^s  of  the  back-booe,  giving  ocn  b^ 
tsux  to  time. 

The  iodDeys  in  fishes  coostittrte  an  irregrilar  mass  under  the 

t-boce  posteriorfy.  Tbey  discharge  their  secretioQS  throc^ 
the  nzezeT  to  a  snLaH  trrinarv  hlstdcier,  and  tbetsce  into  the  trro- 
genhal  aniis.  a  ssrall  opening  behrni  the  .'^nxss-  Into  the  sarre 
scms  2re  .iiscnasged  the  repp>inctive  cells  in  both  seres. 

In  tb&  female  ^ir.fwh  the  ovaries  coctscst  of  two  grantilar 
ma-syt?  of  yeOo'wish  tissoe  hrrng  jtssc  befcwr  and  be&rad  the  swcm- 
bladier.  In  the  sprEng  they  fill  rmach  of  the  body  cavity  and 
the  many  Ettlie  eggs  can  be  plainly  seen.  When  tnatcrre  they 
are  (iischarged  trirrjcgh  the  ovidtart  to  the  tirogenital  gniM..  In 
some  5shes  there  is  mo  special  ovidact  and  the  eggs  pas^  in tij  the 
abijtninal  cavrrv  before  excrnsijo. 

In  the  male  the  reproductive  organs  have  the  same  positi  jc 
as  the  o^variis  m  the  female.  Tbev  are,  however,  mtich  sm^iZer 
in  scze  acii  paler  in  colijr.  while  the  minute  5permatij2.:)a  appear 
milky  rather  than  granolar  ot:  ca.ic;;^I  examinatii  jCL  A  vas  d^fe^ 
r«Tts  Tefhis  trran  each  of  these  organs  bizo  the  urogenital  srntBS. 

The  lanoriets,  lampreys,  ami  hagfjshes  p^osaess  no  genital 
dncts.  In  the  fo-rmer  the  germ  cells  are  shed  rnt.:^  the  atrial 
cavirv.  ami  from  there  fnji  their  wav  zo  the  exteriDr  either 
throuish  tie  month  or  the  SlZtjsu.  oore :  in  the  latter  thev  are  ^j^^ 
directlv  int*j  trie  bodv  cavirv.  from  which  thev  escatje  thr-.u^fh 
the  abiiomical  c<ir5s.  In  the  iharki  and  skates  the  W-.Ifnan 
dnct  in  the  male,  in  a»iiitii;ti  z^'j  its  functii on  as  an  excretcrv  doct, 
serves  also  as  a  passage  f  jr  the  sperm,  the  testes  havir*g  a  .iirect 
cotmectiion  with  the  kainevs.  In  these  f'^rms  there  is  a  oair 
of  MnHerian  ^^j:iczs.  which  serve  is  o^iucts  in  the  females :  thev 
extend  the  length  of  the  bodv  ::avr:v.  and  at  their  antertiir  end 
have  an  opening'  which  receir^is  the  eggs  which  have  escaped 
from  the  ovarv  into  the  trAir  rsrrrz-.  In  some  bonv  f.shes  is 
the  eels  and  female  salmon  the  ztrrr.  cells  ar^  shed  int*^  tl^e  hodv 
cavity  and  escape  throngh  genital  pores,  which,  however,  rr.a^ 
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not  be  homologous  with  abdominal  pores.  In  most  other  bony 
fishes  the  testes  and  ovaries  are  continued  directly  into  ducts 
which  open  to  the  outside. 

Organs  of  Nutrition. — The  organs  thus  shown  in  dissection 
we  may  now  examine  in  detail. 

The  mouth  of  the  fish  is  the  organ  or  series  of  structures  first 
concerned  in  nutrition.     The  teeth  are  outgrowths  from  the 


skin,  primarily  as  modified  papillae,  aiding  the  mouth  in  its  various 
functions  of  seizing,  holding,  cutting,  or  crushing  the  various  kinds 
of  food  material.  Some  fishes  feed  exclusively  on  plants,  some 
on  plants  and  animals  alike,  some  exclusively  on  animals,  some 
on  the  mud  in  which  minute  plants  and  animals  occur.  The 
majority  of  fishes  feed  on  other  fishes,  and  without  much  regard 
to  species  or  condition.  With  the  carnivorous  fishes,  to  feed  repre- 
sents the  chief  activity  of  the  organism.  In  proportion  to  the 
voracity  of  the  fish  is  usually  the  size  of  the  mouth,  the  sharp- 
ness of  the  teeth,  and  the  length  of  the  lower  jaw. 

The  most  usual  type  of  teeth  among  fishes  is  that  of  villiform 
bands.  Villiform  teeth  are  short,  slender,  even,  close-set,  making 
a  rough  velvety  surface.  When  the  teeth  are  larger  and  more 
widely  separated,  they  are  called  cardiform,  like  the  teeth  of  a 
wool-card.  Granular  teeth  are  small,  blunt,  and  sand-like.  Ca- 
nine teeth  are  those  projecting  above  the  level  of  the  others. 
usually  sharp,  curved,  and  in  some  species  barbed.     Sometimes 
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the  canines  are  in  front.  In  some  families  the  last  tooth  in 
either  jaw  may  be  a  "posterior  canine,"  serving  to  hold  small 
animals  in  place  while  the  anterior  teeth  crush  them.  Canine 
teeth  are  often  depressible,  having  a  hinge  at  base. 

Teeth  very  slender  and  brush-like  are  called  setiform.  Teeth 
with  blunt  tips  are  molar.  These  are  usually  enlarged  and  fitted 
for  crushing  shells.  Flat  teeth  set  in 
mosaic,  as  in  many  rays  and  in  the 
pharj'ngeals  of  parrot-fishes,  are  said 
to  be  paved  or  tessellated.  Knife-like 
teeth,  occasionally  with  serrated  edges, 
are  found  in  many  sharks.  Many 
fishes  have  tncisor-like  teeth,  some 
flattened  and  truncate  like  human 
teeth,  as  in  the  sheepsheari,  sometimes 
with  serrated  erlges.  Often  these  teeth 
are  movable,  implanted  only  in  the 
skin  of  the  lips.  In  other  cases  they 
are  set  fast  in  the  jaw.  Most  species 
with  movable  teeth  or  teeth  with  ser- 
rated edges  are  herbivorous,  while 
strong  incisors  may  indicate  the  choice 
of  snails  and  crabs  as  food.  Two  or 
more  of  these  different  types  may  be 
The  knife-like  teeth  of  the  sharks  are 
progressively  shed,  new  ones  being  constantly  formed  on  the 
toner  margins  of  the  jaw,  so  that  the  teeth  are  marching  to  be 
bst  over  the  edge  of  the  jaw  as  soon  as  each  has  fulfilled  its 
ftmction.  In  general  the  more  distinctly  a  species  is  a  fish- 
eater,  the  sharper  are  the  teeth.  Usually  fishes  show  little  dis- 
crimination in  their  choice  of  fivxl :  often  they  devour  the  young 
of  their  own  species  as  readily  as  any  other.  The  digestive 
process  is  rapiil,  and  most  fishes  rapidly  increase  in  size  in  the 
process  of  development.  When  food  ceases  to  be  abundant  the 
n^es  grow  more  slowly.  For  this  reason  the  same  species  will 
grow  to  a  larger  size  in  large  streams  than  in  small  ones,  in  lakes 
r;Pian  in  farooks.  In  most  cases  there  is  no  absolute  limit  to 
growth,  the  species  growing  as  long  as  it  li^p'es.  But  while  some 
endure    many  years,  others  are  certainly  very  short- 


»  Parrot- 
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found  in  the  same  fish. 
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lived,  and  some  may  be  even  annual,  dying  after  spawning,  per- 
haps at  the  end  of  the  first  season. 

Teeth  are  wholly  absent  in  several  groups  of  fishes.  They 
are,  however,  usually  present  on  the  premaxillary,  dentary,  and 
pharyngeal  bones.  In  the  higher  forms,  the  vomer,  palatines, 
and  gill-rakers  are  rarely  without  teeth,  and  in  many  cases  the 
pterygoids,  sphenoids,  and  the  bones  of  the  tongue  are  similarly 
armed. 

No  salivary  glands  or  palatine  velum  are  developed  in  fishes. 
The  tongue  is  always  bony  or  gristly  and  immovable.  Some- 
times taste-buds  are  developed  on  it,  and  sometimes  these  are 
foxmd  on  the  barbels  outside  the  mouth. 

The  Alimentary  Canal. — The  mouth-cavity  opens  through  the 
pharynx  between  the  upper  and  lower  pharyngeal  bones  into  the 


Fio.  19. — Sheepehead    (with 

baum). 

oesophagus,  whence  the  food  passes  into  the  stomach.  The  intes- 
tinal tract  is  in  general  divided  into  four  portions— oesophagus, 
stomach,  small  and  large  intestines.  But  these  divisions  of  the 
intestines  are  not  always  recognizable,  and  in  the  very  lowest 
forms,  as  in  the  lancelet,  the  stomach  is  a  simple  straight  tube 
without  subdivision. 

In  the  lampreys  there  is  a  distinction  only  of  the  oesoph- 
agus with  many  longitudinal  folds  and  the  intestine  with  but 
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one.  In  the  bony  fishes  the  stomach  is  an  enlarged  area,  either 
siphon-shaped,  with  an  opening  at  either  end,  or  else  forming 
a  blind  sac  with  the  openings  for  entrance  (cardiac)  and  exit 
(pyloric)  close  together  at  the  anterior  end.  In  the  various 
kinds  of  mollets  (Mugil)  and  in  the  hickory  shad  (Dorosoma)^ 
fishes  which  feed  on  minute  vegetation  mixed  with  mud,  the 
stomach  becomes  enlarged  to  a  muscular  gizzard,  like  that  of  a 
fowl.  Attached  near  the  pylorus  and  pouring  their  secretions 
into  the  duodentmi  or  small  intestine  are  the  pyloric  cceca. 
These  are  tubular  sacs  secreting  a  pale  fluid  and  often  almost  as 
long  as  the  stomach  or  as  wide  as  the  intestine.  These  may  be 
very  ntmierous  as  in  the  salmon,  in  which  case  they  are  likely  to 
become  coalescent  at  base,  or  they  be  few  or  altogether  wanting. 

Besides  these  appendages  which  are  wanting  in  the  higher 
vertebrates,  a  pancreas  is  also  fotmd  in  the  sharks  and  many 
other  fishes.  This  is  a  glandular  mass  behind  the  stomach,  its 
duct  leading  into  the  duodentmi  and  often  coalescent  with  the 
bile  duct  from  the  liver.  The  liver  in  the  lancelet  is  a  long 
diverticidum  of  the  intestine.  In  the  true  fishes  it  becomes  a 
large  gland  of  irregular  form,  and  usually  but  not  always  pro- 
vided with  a  gall-bladder  as  in  the  higher  vertebrates.  Its 
secretions  usually  pass  through  a  ductus  clwlodechus  to  the 
duodentmi. 

The  spleen,  a  dark-red  lymphatic  gland,  is  foimd  attached 
to  the  stomach  in  all  fish-like  vertebrates  except  the  lancelet. 

The  lining  membrane  of  the  abdominal  ca\'ity  is  known  as  the 
peritoneum,  and  the  membrane  sustaining  the  intestines  from 
the  dorsal  side,  as  in  the  higher  vertebrates,  is  called  the  niesen- 
iery.  In  many  species  the  peritoneum  is  jet  black,  while  in 
related  forms  it  may  be  pale  in  color.  It  is  more  likely  to  be 
black  in  fishes  from  deep  water  and  in  fishes  which  feed  on 
plants. 

The  Spiral  Valve. — In  the  sharks  or  skates  the  rectum  or 
large  intestine  is  peculiarly  modified,  being  pro\'ided  with  a  spiral 
valve,  with  sometimes  as  many  as  forty  gyrations.  A  spiral 
valve  is  also  present  in  the  more  ancient  types  of  the  true  fishes 
as  dipnoans,  crossopterygians,  and  ganoids.  This  valve  greatly 
increases  the  surface  of  the  intestine,  doing  away  with  the  neces- 
sity for  length.     In  the  bowfin  {Aynia)  and  the  garpike  {Lepi- 
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sostetis)  the  valve  is  reduced  to  a  rudiment  of  three  or  four  con- 
volutions near  the  end  of  the  intestine.  In  the  sharks  and 
skates  the  intestine  opens  into  a  cloaca,  which  contains  also 
the  urogenital  openings.  In  all  fishes  the  latter  lie  behind  the 
orifice  of  the  intestine.  In  the  bony  fishes  and  the  ganoids 
there  is  no  cloaca. 

Length  of  the  Intestine. — In  all  fishes,  as  in  the  higher  ver- 
tebrates, the  length  of  the  alimentary  canal  is  coordinated  with 
the  food  of  the  fish.     In  those  which  feed  upon  plants  the  intes- 


Flo.  20. — Stone-roller,  Cnrnpostomn  anomalum  (Rafinesqvic).      Family  C'lprinida. 
Showing  nuptial  tul>crcle3  and  intestines  coiled  about  the  air-bladder. 

tine  is  very  long  and  much  convoluted,  while  in  those  which 
feed  on  other  fishes  it  is  always  relatively  short.  In  the 
stone-roller,  a  fresh-water  minnow  (CatJipostoina)  found  in  the 
Mississippi  Valley,  the  excessively  long  intestines  filled  with 
vegetable  matter  are  wound  spool-fashion  about  the  large  air- 
bladder.  In  all  other  fishes  the  air-bladder  lies  on  the  dorsal 
side  of  the  intestinal  canal. 


Flo.   21.— Skeleton  of  the  Cow-fish,  Laciopkrys 
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The  Eggs  of  Fishes. — The  great  majority  of  fishes  are  ovipa- 
rous, the  eggs  being  fertilized  after  deposition.  The  eggs  are  laid 
in  gravel  or  sand  or  other  places  suitable  for  the  species,  and  the 
milt  containing  the  sperm-cells  of  the  male  is  discharged  over  or 
among  them  in  the  water.  A  very  small  quantity  of  the  sperm- 
fiuid  may  impregnate  a  large  number  of  eggs.  But  one  sperm- 
cell  can  enter  a  particular  egg.  In  a  number  of  families  the 
species  are  ovoviviparous,  the  eggs  being  hatched  in  the  ovary 
or  in  a  dilated  part  of  the  oviduct,  the  latter  resembling  a  real 
uterus.      In    some  sharks  there  is  a  structure  analogous   to 


^v- 


the  pl£u:enta  of  higher  animals,  but  not  of  the  same  structure 
or  origin.  In  the  case  of  viviparous  fishes  actual  copulation  takes 
place  and  there  is  usually  a  modification  of  some  organ  to  effect 
transfer  of  the  sperm-cells.  This  is  the  purpose  of  the  sword- 
shaped  anal  fin  in  many  top-minnows  (Pirciliidce),  the  fin  itself 
being  placed  in  advance  of  its  usual  position.  In  the  surf-fishes 
(EtrHotocid<E)  the  structure  of  part  of  the  anal  fin  is  modified, 
although  it  is  not  iised  as  an  intromittent  organ.  In  the  Elas- 
mobranchs,  as  already  stated,  large  organs  of  cartilage  (claspers) 
are  developed  from  the  ventral  fins. 

In  sonw  \-iviparous  fishes,  as  in  the  rockfishes  (Sebasiodes) 
and  roe^shes  {Sebastes),  the  young  are  very  minute  at  birth. 
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In  others,  as  the  surf-fishes  {EmbiotocidtE),  they  are  relatively 
large  and  few  in  number.     In  the  viviparous  sharks,  which  con- 
stitute the  majority  of  the  species  of  living  sharks,  the  young 
are  lai^  at  birth  and  prepared  to  take  care  of  themselves. 
The  eggs  of  fishes  vary  very  much  in  size  and  form.     In 


Fio.  24  — Egg  of  Caliarhyitckiu  ant  r  I  cus    the  Bottle  nosed  Chimsra.    (After 
Parker  and  Haawt^U  ) 

those  sharks  and  rays  which  lay  eggs  the  ova  are  deposited  in 
a  homy  egg-case,  in  color  and  texture  suggesting  the  kelp  in 
which  they  are  laid.  The  eggs  of  the  bull-head  sharks  {Heierodon- 
Uts)  are  spirally  twisted,  those  of  the  cat-sharks  (Scyliorhtnidw) 
are  quadrate  mth  long  filaments  at  the  angles.  Those  of  rays 
are  wheelbarrow-shaped  with  four  "handles."     One  egg-case 


Fio.  25. — ^g  of  the  Bagfisb,  UyiiTie  limom  Girard,  showing  threada  for  attacb- 
nwnt.     (After  Dean.) 

of  a  ray  may  sometimes  contain  several  eggs  and  develop 
several  young.  The  eggs  of  lancelets  are  small,  but  those  of 
the  hagfishes  are  large,  ovate,  with  fibres  at  each  side,  each  with 
a  triple  hook  at  tip.  The  chimsra  has  also  large  egg-cases, 
oblong  in  form. 

In  the  higher  fishes  the  eggs  are  spherical,  large  or  small 
according  to  the  species,  and  var>-ing  in  the  firmness  of  their 
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outer  walls.  All  contain  food-yolk  from  which  the  embryo  in 
its  earlier  stages  is  fed.  The  eggs  of  the  eel  (Angutlla)  are  micro- 
scopic. According  to  Gunther  25,000 
eggs  have  been  counted  in  the  herring, 
155,000  in  the  lumpfish,  3,500,000  in 
the  halibut,  635,200  in  the  sturgeon, 
and  9,344,000  in  the  cod.  Smaller 
numbers  are  found  in  fishes  with 
large  ova.  The  red  salmon  has 
about  3500  eggs,  the  king  salmon 
about  5200.  Where  an  oviduct  is 
present  the  eggs  are  often  poured  out 
in  glutinous  masses,  as  in  the  bass. 
When,  as  in  the  salmon,  there  is  no 
oviduct,  the  eggs  lie  separate  and 
do  not  cohere  together.  It  is  only 
\vith  the  latter  class  of  fishes,  those 
in  which  the  eggs  remain  distinct, 
that  artificial  impregnation  and 
hatching  is  practicable.     In  this  re- 

Flo.   26.— Eee  of   Port   Jackson  ,    ,,  i  r   *i_  i  . 
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<l.ac^p*de).  (After  Parker  and    trout  is  predominant.    In  some  fishes, 

Haawell.)  especially  those  of  elongate  form,  as 

the    needle-fish    (Tylosurus),    the    ovary  of    but    one    side    is 

developed. 

Protection  of  the  Young. — In  most  fishes  the  parents  take 
no  care  of  their  eggs  or  young.  In  some  catfishes  {Platystacus) 
the  eggs  adhere  to  the  under  surface  of  the  female.  In  the 
sea-horses  and  pipefishes  a  pouch  is  formed  in  the  skin,  usually 
underneath  the  tail  of  the  male.  Into  this  the  eggs  are  thrust, 
and  here  the  young  fishes  hatch  out,  remaining  until  large  enough 
to  take  care  of  themselves.  In  certain  sea  catfishes  {Galeichthys) 
the  male  carries  the  eggs  in  his  mouth,  thus  protecting  them 
from  the  attacks  of  other  fishes.  In  numerous  cases  the  male 
constructs  a  rough  nest,  which  he  defends  against  all  intruders, 
against  the  female  as  well  as  against  outside  enemies.  The 
nest-building  habit  is  especially  developed  in  the  sticklebacks 
(( 1  aster osteida),  a  group  in  which  the  male  fish,  though  a  pygmy 
in  size,  is  very  fierce  in  disposition. 


CHAPTER  IV 

INSTINCTS,   HABITS,  AND   ADAPTATIONS 

[he  Habits  of  Fishes. — The  habits  of  fishes  can  hardly 
be  summarized  in  any  simple  mode  of  classification. 
In  the  usual  course  of  fish-life  the  egg  is  laid  in  the 
eariy  spring,  in  water  shallower  than  that  in  which  the  parents 
spend  their  lives.  In  most  cases  it  is  hatched  as  the  water 
grows  warmer.  The  eggs  of  the  members  of  the  salmon  and 
cod  families  are,  however,  mostly  hatched  in  co*^  ang  waters. 
The  young  fish  gathers  with  others  of  its  species  "^  little  schools, 
feeds  on  smaller  fishes  of  other  species  or  of  it  ^wn,  grows  and 
changes  until  maturity,  deposits  its  eggs,  an  the  cycle  of  life 
begins  again,  while  the  old  fish  ultimately  di  s  or  is  devoured. 

Irritability  of  Animals. — All  animals,  of  whatever  degree  of 
organization,  show  in  life  the  quality  of  ii  ritability  or  response 
to  external  stimulus.  Contact  with  external  things  produces 
some  effect  on  each  of  them,  and  this  effect  is  something  more 
than  the  mere  mechanical  effect  on  the  matter  of  which  the 
animal  is  composed.  In  the  one-celled  animals  the  fimctions 
of  response  to  external  stimulus  are  not  localized.  They  are 
the  property  of  any  part  of  the  proto]')lasm  of  the  body.  In  the 
higher  or  many-celled  animals  each  of  these  functions  is  spe- 
cialized and  localized.  A  certain  set  of  cells  is  set  apart  for  each 
function,  and  each  organ  or  series  of  cells  is  released  from  all 
functions  save  its  own. 

Nerve -cells  and  Fibres.  —  In  the  development  of  the  indi- 
vidual animal  certain  cells  from  the  primitive  external  layer 
or  ectoblast  of  the  embryo  are  set  apart  to  preside  over  the  rela- 
tions of  the  creature  to  its  environment.  These  cells  are  highly 
specialized,  and  while  some  of  them  are  highly  sensitive,  others 
are  adapted  for  carr^^ing  or  transmitting  the  stimuli  received  by 

the  sensitive  cells,  and  still  others  have  the  function  of  receiv- 
es 
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ing  sense-impressions  and  of  translating  them  into  impulses  of 
motion.  The  nerve-cells  are  receivers  of  impressions.  These 
are  gathered  together  in  nerve-masses  or  ganglia,  the  largest 
of  these  being  known  as  the  brain,  the  ganglia  in  general  being 
known  as  nerve-centres.  The  nerves  are  of  two  classes.  The 
one  class,  called  sensory  nerves,  extends  from  the  skin  or  other 
organ  of  sensation  to  the  nerve-centre.  The  nerves  of  the  other 
class,  motor  nerves,  carry  irnpulses  to  motion. 

The  Brain,  or  Sensorium. — The  brain  or  other  nerve-centre 
sits  in  darkness,  surrounded  by  a  bony  protecting  box.  To  this 
main  nerve-centre,  or  sensorium,  come  the  nerves  from  all  parts 
of  the  body  that  have  sensation,  the  external  skin  as  well  as  the 
special  organs  of  sight,  hearing,  taste,  and  smell.  With  these 
come  nerves  bearing  sensations  of  pain,  temperature,  muscular 
effort — all  kinds  of  sensation  which  the  brain  can  receive.  These 
nerves  are  the  sole  sources  of  knowledge  to  any  animal  organism. 
Whatever  idea  its  brain  may  contain  must  be  built  up  through 
these  nerve-impressions.  The  aggregate  of  these  impressions 
constitute  the  world  as  the  organism  knows  it.  All  sensation  is 
related  to  action.  If  an  organism  is  not  to  act,  it  cannot  feel, 
and  the  intensity  of  its  feeling  is  related  to  its  power  to  act. 

Reflex  Action. — These  impressions  brought  to  the  brain  by 
the  sensory  nerves  represent  in  some  degree  the  facts  in  the 
animal's  environment.  They  teach  soitiething  as  to  its  food 
or  its  safety.  The  power  of  locomotion  is  characteristic  of 
animals.  If  they  move,  their  actions  must  depend  on  the  indi- 
cations carried  to  the  nerve-centre  from  the  outside ;  if  they  feed 
on  living  organisms,  they  must  seek  their  food;  if,  as  in  many 
cases,  other  living  organisms  prey  on  them,  they  must  bestir 
themselves  to  escape.  The  impulse  of  hunger  on  the  one  hand 
and  of  fear  on  the  other  are  elemental.  The  sensorium  receives 
an  impression  that  food  exists  in  a  certain  direction.  At  once 
an  impulse  to  motion  is  sent  out  from  it  to  the  muscles  necessaiy 
to  move  the  body  in  that  direction.  In  the  higher  animals 
these  movements  are  more  rapid  and  more  exact.  This  is 
because  organs  of  sense,  muscles,  nerve-fibres,  and  the  nerve- 
cells  are  all  alike  highly  specialized.  In  the  fish  the  sensation 
is  slow,  the  muscular  response  sluggish,  but  the  method  remains 
the  same.     This  is  simple  reflex  action,  an  impulse  from  the 
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environment  carried  to  the  brain  and  then  unconsciously  re- 
flected back  as  motion.  The  impulse  of  fear  is  of  the  same 
nature.  Reflex  action  is  in  general  unconscious,  but  with  ani- 
mals, as  with  man,  it  shades  by  degrees  into  conscious  action, 
and  into  volition  or  action  '*done  on  purpose." 

Instinct. — Different  animals  show  differences  in  method  or 
degree  of  response  to  external  influences.  Fishes  will  pursue 
their  prey,  flee  from  a  threatening  motion,  or  disgorge  sand  or 
gravel  swallowed  with  their  food.  Such  peculiarities  of  dif- 
H  ferent  forms  of  life  constitute  the  basis  of  instinct. 

Instinct  is  automatic  obedience  to  the  demands  of  conditions 
external  to  the  nervous  system.  As  these  conditions  vary  with 
each  kind  of  animal,  so  must  the  demands  vary,  and  from  this 
arises  the  great  variety  actually  seen  in  the  instincts  of  different 
animals.  As  the  demands  of  life  become  complex,  so  do  the  in- 
stincts. The  greater  the  stress  of  environment,  the  more  perfect 
the  automatism,  for  impulses  to  safe  action  are  necessarily  ade- 
quate to  the  duty  they  have  to  perform.  If  the  instinct  were 
inadequate,  the  species  would  have  become  extinct.  The  fact 
that  its  individuals  persist  shows  that  they  are  provided  with 
the  instincts  necessary  to  that  end.  Instinct  differs  from  other 
allied  forms  of  response  to  external  condition  in  being  hereditary, 
continuous  from  generation  to  generation.  This  sufficiently  dis- 
tinguishes it  from  reason,  but  the  line  between  instinct  and  reason 
and  other  forms  of  reflex  action  cannot  be  sharply  drawn. 

It  is  not  necessary  to  consider  here  the  question  of  the  origin 
of  instincts.  Some  writers  regard  them  as  **  inherited  habits," 
while  others,  with  apparent  justice,  doubt  if  mere  habits  or 
voluntary  actions  repeated  till  they  become  a  ** second  nature" 
ever  leave  a  trace  upon  heredity.  Such  investigators  regard 
instinct  as  the  natural  survival  of  those  methods  of  automatic 
\  response  which  were  most  useful  to  the  life  of  the  animal,  the 

individual  having  less  effective  methods  of  reflex  action  perish- 
ing, leaving  no  posterity. 

Classification  of  Instincts.  —The  instincts  of  fishes  may  be 
roughly  classified  as  to  their  relation  to  the  individual  into 
egoistic  and  altruistic  instincts. 

Egoistic  instincts  are  those  which  concern  chiefly  the  indi- 
vidual animal  itself.     To  this  class  belong  the  instincts  of  feed- 
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ing,  those  of  self-defense  and  of  strife,  the  instincts  of  play,  the 
climatic  instincts,  and  environmental  instincts,  those  which  direct 
the  animal's  mode  of  life. 

Altruistic  instincts  are  those  which  relate  to  parenthood  and 
those  which  are  concerned  with  the  mass  of  individuals  of  the 
same  species.  The  latter  may  be  called  the  social  instincts. 
In  the  former  class,  the  instincts  of  parenthood,  may  be  included 
the  instinct  of  courtship,  reproduction,  home-making,  nest- 
building,  and  care  for  the  yoimg.  Most  of  these  are  feebly 
developed  among  fishes. 

The  instincts  of  feeding  are  primitively  simple,  growing  com- 
plex through  complex  conditions.  The  fish  seizes  its  prey  by 
direct  motion,  but  the  conditions  of  life  modify  this  simple 
action  to  a  very  great  degree. 

The  instinct  of  self-defense  is  even  more  varied  in  its  mani- 
festations. It  may  show  itself  either  in  the  impulse  to  make 
war  on  an  intruder  or  in  the  desire  to  flee  from  its  enemies. 
Among  carnivorous  forms  fierceness  of  demeanor  serves  at  once 
in  attack  and  in  defense. 

Herbivorous  fishes,  as  a  rule,  make  little  direct  resistance 
to  their  enemies,  depending  rather  on  swiftness  of  movement, 
or  in  some  cases  on  simple  insignificance.  To  the  latter  cause 
the  abundance  of  minnows,  anchovies,  and  other  small  or  feeble 
fishes  may  be  attributed,  for  all  are  the  prey  of    carnivorous  ^ 

fishes,  which  thev  far  exceed  in  number. 

The  instincts  of  courtship  relate  chiefly  to  the  male,  the 
female  being  more  or  less  passive.  Among  many  fishes  the 
male  makes  himself  conspicuous  in  the  breeding  season,  spread- 
ing his  fins,  intensifying  his  pigmented  colors  through  mus- 
cular tension,  all  this  supposedly  to  attract  the  attention  of  the 
female.     That  this  purpose  is  actually  accomplished  by  such 

display  is  not,  however,  easily  proved.     In  the  little  brooks  in  ' 

spring,  male  minnows  can  be  found  with  warts  on  the  nose  or 
head,  with  crimson  pigment  on  the  fins,  or  blue  pigment  on  the 
back,  or  jet-black  pigment  all  over  the  head,  or  with  varied  com- 
bination of  all  these.  Their  instinct  is  to  display  all  these  to  *• 
the  best  advantage,  even  though  the  conspicuous  hues  lead  tc 
their  own  destructicm. 

The  movements  of  many  migratory  animals  are  mainly  con- 
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trolled  by  the  impxilse  to  reproduce.  Some  pelagic  fishes,  espe- 
cially flying  fishes  and  fishes  allied  to  the  mackerel,  swim  long 
distances  to  a  region  favorable  for  a  deposition  of  spawn.  Some 
species  are  known  only  in  the  waters  they  make  their  breeding 
homes,  the  individuals  being  scattered  through  the  wide  seas  at 
other  times.  Many  fresh-water  fishes,  as  trout,  suckers,  etc.,  for- 
sake the  large  streams  in  the  spring,  ascending  the  small  brooks 


Fig.  28  — Jaws  of  NemiMhya  avocetta  Jordan  and  Gilbert. 

where  they  can  rear  their  yoimg  in  greater  safety.  Still  others, 
known  as  anadromous  fishes,  feed  and  mature  in  the  sea,  but 
ascend  the  rivers  as  the  impulse  of  reproduction  grows  strong. 
An  account  of  these  is  given  in  a  subsequent  paragraph. 

Variability  of  Instincts.  —  When  we  study  instincts  of  ani- 
mals with  care  and  in  detail,  we  find  that  their  regularity  is 
much  less  than  has  been  supposed.  There  is  as  much  variation 
in  regard  to  instinct  among  individuals  as  there  is  with  regard 
V  to  other  characters  of  the  species.     Some  power  of  choice  is 

found  in  almost  every  operation  of  instinct.  Even  the  most 
machine-like  instinct  shows  some  degree  of  adaptability  to  new 
conditions.  On  the  other  hand,  in  no  animal  does  reason  show 
entire  freedom  from  automatism  or  reflex  action.  **The  fimda- 
mental  identity  of  instinct  with  intelligence,"  says  Dr.  Charles 
O.  Whitman,  *'is  shown  in  their  dependence  upon  the  same 
structural  mechanism  (the  brain  and  nerves)  and  in  their  re- 
sponsive adaptability.  *  * 

Adaptation  to  Environment. — In  general  food-securing  struc- 

*    f  tures  are  connected  with  the  mouth,  or,  as  in  the  anglers,  are 

>i  hung  as  lures  above  it;   spines  of  offense  and  defense,  electric 

I  organs,  poison-glands,  and  the  like  are  used  in  self-protection; 

the  bright  nuptial  colors  and  adornments  of  the  breeding  sea- 
son are  doubtfully  classed  as  useful  in  rivalry;  the  egg-sacs, 
nests,  and  other  structures  or  habits  may  serve  to  defend  the 
young,    while   skinny  flaps,  sand  or  weed-like   markings,  and 
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many  other  features  of  mimicTy  serve  as  concessions  to  the  en- 
vironment. 

Each  kind  of  fishes  has  its  own  ways  of  life,  fitted  to  the  con- 
ditions of  environment.  Some  species  lie  on  the  bottom,  flat, 
as  a  flounder,  or  prone  on  their  lower  fins,  as  a  darter  or  a  stone- 
roller.  Some  swim  freely  in  the  depths,  others  at  the  surface 
of  the  depths.  Some  leap  out  of  the  water  from  time  to  time, 
as  the  mullet  (Mugil)  or  the  tarpon  (Tarpon  atlanticus). 

Flight  of  Fishes. — Some  fishes  called  the  flying-fishes  sail 
through  the  air  with  a  grasshopper-like  motion  that  closely  imi- 
tates true  flight.  The  long  pectoral  fins,  wing-like  in  form, 
cannot,  however,  be  flapped  by  the  fish,  the  muscles  serving 


Fig    29.-<:atalina  tlying  HA,  Cyptilurua  aililomiciu  (Cooper).     Santa  Barbara. 

only  to  expand  or  fold  them.  These  fishes  live  in  the  open  sea 
or  open  channel,  swimming  in  large  schools.  The  small  species 
fly  for  a  few  feet  only,  the  lai^e  ones  for  more  than  an  eighth 
of  a  mile.     These  may  rise  five  to  twenty  feet  above  the  water. 

The  flight  of  one  of  the  largest  flying  fishes  {Cypsilnrus  cali- 
fornicus)  has  been  carefully  studied  by  Dr.  Charles  H.  Gilbert 
and  the  writer.  The  movements  of  the  fish  in  the  water  are 
extremely  rapid.  The  sole  motive  power  is  the  action  under 
the  water  of  the  strong  tail.  No  force  can  be  acquired  while 
the  fish  is  in  the  air.     On  rising  from  the  water  the  movements 
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of  the  tail  are  continued  until  the  whole  body  is  out  of  the  water. 
When  the  tail  is  in  motion  the  pectorals  seem  in  a  state  of  rapid 
vibration.  This  is  not  produced  by  muscular  action  on  the 
fins  themselves.  It  is  the  body  of  the  fish  which  vibrates,  the 
pectorals  projecting  farthest  having  the  greatest  ampHtude  of 
movement.  While  the  tail  is  in  the  water  the  ventral  fins  are 
folded.  When  the  action  of  the  tail  ceases  the  pectorals  and 
ventrals  are  spread  out  wide  and  held  at  rest.  They  are  not 
used  as  true  wings,  but  are  held  out  firmly,  acting  as  parachutes, 
enabling  the  body  to  skim  through  the  air.  When  the  fish 
begins  to  fall  the  tail  touches  the  water.  As  soon  as  it  is  in  the 
water  it  begins  its  motion,  and  the  body  with  the  pectorals 
again  begins  to  vibrate.  The  fish  may,  by  skimming  the  water, 
regain  motion  once  or  twice,  but  it  finally  falls  into  the  water 
with  a  splash.     While  in  the  air  it  suggests  a  large  dragon-fly. 


Fio.  30. — Sand-darter,  Ammocrijpla  dam  (Jordan  and  Meek).     Des  Moines  River. 

The  motion  is  very  swift,  at  first  in  a  straight  line,  but  is  later 
deflected  in  a  curve,  the  direction  bearing  little  or  no  relation 
to  that  of  the  wind.  When  a  \"esRel  passes  through  a  school 
of  these  fishes,  they  spring  up  before  it,  moving  in  all  directions, 
as  grasshoppers  in  a  meadow. 

Quiescent  Fishes. — Some  fishes,  as  the  lancelet,  lie  buried  in 
the  sand  all  their  lives.  Others,  as  the  sand-darter  (Animocrypta 
pellucida)  and  the  hinalea  (JtiUs  ^ainiard),  bury  themselves  in 
the  sand  at  intervals  or  to  escape  from  their  enemies.  Some  live 
in  the  cavities  of  tunicates  or  sponges  or  holothurians  or  corals 
or  oysters,  often  passing  their  whole  lives  inside  the  cavity  of 
one  animal.  Many  others  hide  themselves  in  the  interstices  of 
kelp  or  seaweeds.  Some  eels  coil  themselves  in  the  crevices  of 
rocks  or  coral  masses,  striking  at  their  prey  like  snakes.  Some 
sea-horses  cling  by  their  tails  to  gulfweed  or  sea-wrack.    Many 
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little  fishes  (Gobiomortts,  Carangus,  Psenes)  cluster  under  the 
stinging  tentacles  of  the  Portuguese  man-of-war  or  under 
ordinary  jellyfishes.  In  the  tide-pools,  whether  rock,  coral, 
or  mud,  in  all  regions  multitudes  of  little  fishes  abound.  As 
these  locahties  are  neglected  by  most  collectors,  they  have 
proved  of  late  years  a  most  prolific  source  of  new  species. 


The  tide-pools  of  Cuba,  Key  West,  Cape  Flattery,  Sitka,  Una- 
laska,  Monterey,  San  Diego,  Mazatlan,  Hilo,  Kailua  and  Waianse 
in  Hawaii,  Apia  and  Pago-Pago  in  Samoa,  the  present 
writer  has  found  peculiarly  rich  in  rock-loving  forms.  Even 
richer  are  the  pools  of  the  promontories  of  Japan,  Hakodate 
Head,  Misaki,  Awa,  Izu,  Waka,  and  Kagoshima,  where  a  whole 
new  fish  fauna  unknown  to  collectors  in  markets  and  sandy 
bays  has  been  brought  to  light.  Some  of  these  rock-fishes  are 
left  buried  in  the  rock  weeds  as  the  tide  flows,  lying  quietly 
until  it  returns.  Others  cling  to  the  rocks  by  ventral  suckers, 
while  still  others  depend  for  their  safety  on  their  powers  of 
leaping  or  on  their  quickness  of  their  movements  in  the  water. 
Those  of  the  latter  class  are  often  brilliantly  colored,  but  the 
others  mimic  closely  the  algae  or  the  rocks.  Some  fishes  live  in 
the  sea  only,  some  prefer  brackish  water.     Some  are  found  only 
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less   indiscriminately 


in  the  rivers,  and  a  few  pass  more 
from  one  kind  of  water  to  another. 

Migratory  Fishes.— Tlie  movements  of  migratory  fishes  are 
mainly  controlled  by  the  impulse  of  reproduction.  Some  pelagic 
fishes,  especially  those  of  the 
mackerel  and  flj'ing-fish  families. 
swim  long  distances  to  a  region 
favorable  for  the  deposition  of 
spawn.  Others  pursue  for  equal 
distances  the  schools  of  men- 
haden or  other  fishes  which  serve 
as  their  prey.  Some  species 
are  known  mainly  in  the  waters 
they  make  their  breeding  homes, 
as  in  Cuba,  Southern  Cali- 
fornia, Hawaii,  or  Japan,  the 
individuals  being  scattered  at 
other  times  through  the  wide 
seas. 

Anadromous  Fishes.  —  Many 
fresh-water  fishes,  as  trout  and 
suckers,  forsake  the  large  streams 
in  the  spring,  ascending  the 
small  brooks  where  their  young 
can  be  reared  in  greater  safety. 
Still  others,  known  as  amidromous 
fishes,  feed  and  mature  in  the 
sea,  but  ascend  the  rivers  as  the 
impulse  of  reproduction  grows 
strong.  Among  such  fishes  are  the  salmon,  shad,  alewife,  stur- 
geon, and  striped  bass  in  American  waters.  The  most  remark- 
able case  of  the  anadromous  instinct  is  found  in  the  king  salmon 
or  quinnat  {Oncorhynchtts  tschatvytscha)  of  the  Pacific  Coast. 
This  great  fish  spawns  in  November,  at  the  age  of  four  years 
and  an  average  weight  of  twenty-two  pounds.  In  the  Columbia 
River  it  begins  running  with  tlie  spring  freshets  in  March  and 
April.  It  spends  the  whole  summer,  without  feeding,  in  the 
ascent  of  the  river.  By  autumn  the  individuals  have  reached 
the  mountain  streams  of  Idaho,  greatly  changed  in  appearance, 


Pio.    83.  —  Portuguese    M&n-of-n 
Fish,  Gobiomorus  gronovii.    Family 
Siromattidai. 
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concealed  net.  Another  decoy  is  substituted  and  the  trick 
is  repeated  until  the  showy  and  quarrelsome  fishes  are  all 
secured. 

In  Siam  the  fighting-fish  {Betia  pugnax)  is  widely  noted.  The 
following  account  of  this  fish  is  given  by  Cantor:* 

''When  the  fish  is  in  a  state  of  quiet,  its  dull  colors  pre- 
sent nothing  remarkable ;  but  if  two  be  brought  together,  or  if 
one  sees  its  own  image  in  a  looking-glass,  the  little  creature 
becomes  suddenly  excited,  the  raised  fins  and  the  whole  body 
shine  with  metallic  colors  of  dazzling  beauty,  while  the  pro- 
jected gill  membrane,  waving  like  a  black  frill  round  the  throat, 
adds  something  of  grotesqueness  to  the  general  appearance.  In 
this  state  it  makes  repeated  darts  at  its  real  or  reflected  antag- 
onist. But  both,  when  taken  out  of  each  other's  sight,  instantly 
become  quiet.  The  fishes  were  kept  in  glasses  of  water,  fed 
with  larvae  of  mosquitoes,  and  had  thus  lived  for  many  months. 
The  Siamese  are  as  infatuated  with  the  combats  of  these  fish 
as  the  Malays  are  with  their  cock-fights,  and  stake  on  the  issue 
considerable  sums,  and  sometimes  their  own  persons  and  fami- 
lies. The  license  to  exhibit  fish-fights  is  farmed,  and  brings  a 
considerable  annual  revenue  to  the  king  of  Siam.  The  species 
abounds  in  the  rivulets  at  the  foot  of  the  hills  of  Penang.  The 
inhabitants  name  it  *Pla-kat/  or  the  *  fighting-fish ' ;  but  the 
kind  kept  especially  for  fighting  is  an  artificial  variety  culti- 
vated for  the  purpose.*' 

A  related  species  is  the  equally  famous  tree-climber  of  India 
{Anahas  scandens).  In  1797  Lieutenant  Daldorf  describes  his 
capture  of  an  Anabas,  five  feet  above  the  water,  on  the  bark  of 
a  palm-tree.  In  the  effort  to  do  this,  the  fish  held  on  to  the 
bark  by  its  preopercular  spines,  bent  its  tail,  inserted  its  anal 
spines,  then  pushing  fon\^ard,  repeated  the  operation. 

*  Cantor,  Catal.  Malayan  Fishes,  1850,  p.  87.    Bowring,  Siam,  p.  155,  gives 
1  similar  account  of  the  battles  of  these  fishes. 


CHAPTER  V 

ADAPTATIONS   OF  FISHES 

I  PIKES  of  the  Catfishes. — The  catfishes  or  homed  pouts 
{Silurid<B)  have  a  strong  spine  in  the  pectoral  fin,  one 
or  both  edges  of  this  being  jagged  or  serrated.  This 
spine  fits  into  a  peculiar  joint  and  by  means  of  a  slight  downward 
or  forward  twist  can  be  set  immovably.  It  can  then  be  broken 
more  easily  than  it  can  be  depressed.  A  slight  turn  in  the  opposite 
direction  releases  the  joint,  a  fact  known  to  the  fish  and  readily 
learned  by  the  boy.     The  sharp  spine  inflicts  a  jagged  wound. 


Flo.  8S  — Mad-ton,  Sckilbeodet  furiogua  Jordan  and  Meek.     Showing  the  poisoned 
pectoral  spine.     Family  Siluridte.     Neuse  Kiver. 

Pelicans  which  have  swallowed  the  catfish  have  been  known  to 
die  of  the  wounds  inflicted  by  the  fish's  spine.  When  the  catfish 
was  first  introduced  into  the  Sacramento,  according  to  Mr,  Will 
S.  Green,  it  caused  the  death  of  many  of  the  native  "Sacra- 
mento perch"  {Archoplites  interruptus) .  This  perch  (or  rather 
bass)  fed  on  the  young  catfish,  ar.(!  the  latter  erecting  their 
pectoral  spines  in  turn  caused  the  death  of  the  perch  by  t 
ing  the  walls  of  its  stomach.  In  like  manner  the  sb 
and  ventral  spines  of  the  sticklebacks  have  been  knomti 
the  death  of  fishes  who  swallow  them,  and  even  < 
Paget  Sound  the  stickleback  is  oftra  known  as  sain 
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Certain  small  catfishes  known  as  stone-cats  and  mad-toms 
(Noturiis,  Schilheodes),  found  in  the  rivers  of  the  Southern  and 
Middle  Western  States,  are  provided  with  special  organs  of 
offense.  At  the  base  of  the  pectoral  spine,  which  is  sometimes 
very  jagged,  is  a  structure  supposed  by  Professor  Cope  to  be  a 
poison  gland  the  nature  of  which  has  not  yet  been  fully  ascer- 
tained. The  wounds  made  by  these  spines  are  exceedingly 
painful  like  those  made  by  the  sting  of  a  wasp.  They  are, 
however,  apparently  not  dangerous. 

Venomous  Spines.^Many  species  of  scorpion-fishes  {Scor- 
ptstta,  Synanceia,  Pclor,  Plerots,  etc.),  foimd  in  warm  seas, 
as  well  as  the  European  weavers  (Trackinus),  secrete  poison 


Pio.  86— lilack  Nohii.  or  Poisoti-fisli.  Kmiiiyilrichlhiis  rulconiis  Jordan.  A  species 
nitli  stiiiKitif;  Kpini'K,  »ho\viiig  rcsi-iiililnitrc  to  lumps  of  lava  among  wlucb  it 
li\f3.     Funiily  ScorjM-nidii:.     From  Taliiti. 

from  undor  the  skin  of  each  dorsal  spine.  The  wounds  made 
by  these  sjnnes  are  very  exasper;itin<j,  liut  are  not  often  danger- 
ous. In  some  cases  the  glands  producing  these  poisons  form  an 
oblong  bag  excreting  a  milky  juice,  and  placed  on  the  base  of 
the  spine. 

In  Thalassophrync,  a  genus  of  toarl-fishes  of  tropical  America, 
is  found  the  most  perfect  system  of  poison  organs  known  among 
fislies.  The  spinous  armature  of  the  opercle  and  the  two  spines 
of  the  first  dorsal  fin  constitute  the  weapons.  The  details  are 
known  from  the  dissections  of  Dr.  Giinther.  According  to  his* 
observations,  the  opercle  in  Thalassopkrym  "is  very  narrow, 
*  GanthLT,  Introd.  to  the  Study  of  Fishes,  p,  191. 
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vertically  styliform  and  very  mobile.  It  is  armed  behind  with 
a  spine  eight  lines  long  and  of  the  same  form  as  the  hollow 
venom-fang  of  a  snake,  being  perforated  at  its  base  and  at  its 
extremity.  A  sac  covering  the  base  of  the  spine  discharges  its 
contents  through  the  apertures  and  the  canal  in  the  interior  of 
the  spine.  The  structure  of  the  dorsal  spines  is  similar.  There 
are  no  secretory  glands  imbedded  in  the  membranes  of  the  sacs 
and  the  fluid  must  be  secreted  by  their  mucous  membrane.  The 
sacs  are  without  an  external  muscular  layer  and  situated  im- 
mediately below  the  thick,  loose  skin  which  envelops  the  spines 
at  their  extremity.  The  ejection  of  the  poison  into  a  living 
animal,  therefore,  can  only  be  effected  as  in  Synanceia,  by  the 
pressure  to  which  the  sac  is  subjected  the  moment  the  spine 
enters  another  body." 

The  Lancet  of  the  Surgeon-fish. — Some  fishes  defend  themselves 
by  lashing  their  enemies  with  their  tails.  In  the  tangs,  or  surgeon- 
fishes  (Teuthis),  the  tail  is  provided  with  a  formidable  weapon, 


Fio    37.— Brown  Tang,  Truth. 


(Raniani),     Tortugas,  Florida. 


a  knife-like  spine,  with  the  sharj?  edge  directed  forward.  This 
spine  when  not  in  use  slips  forward  into  a  sheath.  The  fish, 
when  alive,  cannot  be  handled  without  dangM^Cj 

In  the  related  genera,  this  lancet  is  very  f 
and  immovable,  degenerating  at  last  into  the  i 
Balistaptts  or  the  hair-like  prickles  of  Mo»acaf$Ml 
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Spines   of   the    Sting-ray.  —  In  all  the  large   group   of  stingy 

rays  the  tail  is  provided  with  one  or  more  large,  stiff,  barbed 
spines,  which  are  used  mth  great  force  by  the  animal,  and  are 
capable  of  piercing  the  leathery  skin  of  the  sting-ray  itself. 
There  is  no  evidence  that  these  spines  bear  any  specific  poison, 
but  the  ragged  wounds  they  make  are  always  dangerous  and 
often  end  in  gangrene.  It  is  possible  that  the  mucus  on  the 
surface  of  the  spine  acts  .as  a  poison  on  the  lacerated  tissues, 
rendering  the  wound  something  very  different  from  a  simple  cut. 
Protection  Through  Poisonous  Flesh  of  Fishes.  —  In  certain 
groups  of  fishes  a  strange  form  of  self-protection  is  acquired  by 


'^tephn     !  !      h    p  I 


the  presence  in  the  body  of  poisonous  alkaloids,  by  means  of 
which  the  enemies  of  the  species  arc  destroyed  in  the  death 
of  the  individual  devoured. 

Such  alkaloids  are  present  in  the  globcfishes  {Tctmodontida;), 
the  filefishes  {Monacanthiis),  and  in  some  related  forms,  while 
members  of  other  groups  {Batrachoididcc)  are  under  suspicion  in 
this  regard.  The  alkaloids  produce  a  disease  known  as  cigua- 
tera, characterized  by  paralysis  and  gastric  derangements. 
Severe  cases  of  ciguatera  with  men,  as  well  as  with  lower 
animals,  may  end  fatally  in  a  short  time. 

The  flesh  of  the  filefishes  {Siephanolepis  tometUosus),  which 
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the  writer  has  tested,  is  very  meager  and  bitter,  having  a  de- 
cidedly offensive  taste.  It  is  suspected,  probably  justly,  of  be- 
ing poisonous.  In  the  globefishes  the  flesh  is  always  more  or 
less  poisonous,  that  of  Tetraodon  hispidus,  called  muki-muki, 
or  death-fish,  in  Hawaii,  is  reputed  as  excessively  so.  The  poi- 
sonous fishes  have  been  lately  studied  in  detail  by  Dr.  Jacques 
Pellegrin,  of  the  Museum  d'Histoire  Naturelle  at  Paris.  He 
shows  that  any  species  of  fish  may  be  poisonous  under  certain 
circumstances,  that  under  certain  conditions  certain  species  are 
poisonous,  and  that  certain  kinds  are  poisonous  more  or  less  at 


■Tetraodon  meleogrh  (LocfpMe).    Riu  Kiu  Islanda. 


all  times.     The  following  account  is  condensed  from  Dr.  Pelle- 
grin's  observations. 

The  flesh  of  fishes  soon  imdergoes  decomposition   in  hot 
climates.     The    consumption    of    decayed    fish    may    produce 
serious  disorders,  usually  with  symptoms  of  diarrhoea  or  erup- 
tion of  the  skin.     There  is  in  this  case  no  specific  poison,  but 
the  formation  of  leucomaines  through  the  influence  of  bacteria. 
This  may  take  place  with  other  kinds  of  flesh,  and  is  known  as 
botolism,  or  allantiasis.      For  this  disease,  as  produced  by  the 
flesh  of  fishes,  Dr.  Pellegrin  suggests  the  name  of  ichthyosism. 
It  is  especially  severe  in  certain  very  oily  fishes,  as  the  tunn 
the  anchovy,  or  the  salmon.     The  flesh  of  these  and  other  fisi 
occasionally  produces  similar  disorders  through  mere  indigt 
tion.     In  this  case  the  flesh  undergoes  decay  in  the  stcnnach. 
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In  certain  groups  (wrasse- fishes,  parrot-fishes,  etc.)  in  the 
tropics,  individual  fishes  are  sometimes  rendered  poisonous  by 
feeding  on  poisonous  mussels,  holothurians,  or  possibly  polyps, 
species  which  at  certain  times,  and  especially  in  their  spawning 
season,  develops  alkaloids  which  themselves  may  cause  cigua- 
tera. In  this  case  it  is  usually  the  very  old  or  large  fishes  which 
are  liable  to  be  infected.  In  some  markets  numerous  species 
are  excluded  as  suspicious  for  this  reason.  Such  a  list  is  in 
use  in  the  fish-market  of  Havana,  where  the  sale  of  certain 
species,  elsewhere  healthful,  or  at  the  most  suspected,  was  rigidly 


FlO.  40  —The  Trigger-fish,  Boliatea  carolincnsis  Gmelin.     Now  York. 


prohibited  under  the  Spanish  regime.     A  list  of  these  suspicious 
fishes  has  been  given  by  Prof.  Poey. 

In  many  of  the  eels  the  serum  of  the  blood  is  poisonous,  but 
its  venom  is  destroyed  by  the  gastric  juice,  so  that  the  flesh 
may  be  eaten  with  impunity,  unless  decay  has  set  in.  To  eat 
too  much  of  the  tropical  morays  is  to  invite  gastric  troubles, 
but  no  true  ciguatera.  The  true  ciguatera  is  produced  by  a 
specific  poisonous  alkaloid.  This  is  most  developed  in  the 
globefishes  or  puffers  (Tetraodon,  Spheroides,  Tropidichthys,  etc). 
It  is  present  in  the  filefishes  {Monacaiiihus,  Alutera,  etc.),  prob- 
ably in  some  toadfishes  {Batrachoides,  etc.),  and  similar  com- 
potmds  are  found  in  the  flesh  of  sharks  and  especially  in  sharks' 
livers. 
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These  alkaloids  are  most  developed  in  the  ovaries  and  testes, 
and  in  the  spawning  season.  They  are  also  found  in  the  liver 
and  sometimes  elsewhere  in  the  body.  In  many  species  other- 
wise innocuous,  pui^ative  alkaloids  are  developed  in  or  about 
the  eggs.  Serious  illness  has  been  caused  by  eating  the  roe  of 
the  pike  and  the  barbel.  The  poison  is  less  virulent  in  the 
species  which  ascend  the  rivers.  It  is  also  much  less  developed 
in  cooler  waters.  For  this  reason  ciguatera  is  almost  confined 
to  the  tropics.  In  Havana,  Manila,  and  other  tropical  ports  it 
is  of  frequent  occurrence,  while  northward  it  is  practically  un- 
known as  a  disease  requiring  a  special  name  or  treatment.  On 
the  coast  of  Alaska,  about  Prince  William  Sound  and  Cook  Inlet, 


a  fatal  disease  resembling  ciguatera  has  been  occasionally  pro- 
duced by  the  eating  of  clams. 

The  purpose  of  the  alkaloids  producing  ciguatera  is  con- 
sidered by  Dr.  Pellegrin  as  protective,  saving  the  species  by  the 
poisoning  of  its  enemies.  The  sickness  caused  by  the  specific 
poison  must  be  separated  from  that  produced  by  ptomaines  and 
leucomaines  in  decaying  flesh  or  in  the  oil  diffused  throiigh  if 
Poisonous  bacteria  may  be  destroyed  by  cooking,  but  the 
loids  which  cause  ciguatera  are  unaltered  by  heat. 

It  is  claimed  in  tropical  regions  that  the  germs  of 
bonic  plague  may  be  carried  through  the  mediation  f 
which  feed  on  iewage.    It  is  suggested  by  Dr.  Chari 


58  Adaptations  of  Fishes 

mead  that  leprosy  may  be  so  carried.  It  is  further  e 
that  the  custom  of  eating  the  flesh  of  fishes  raw  ahnost  uni- 
versal in  Japan,  Hawaii,  and  other  regions  may  be  responsible 
tor  the  spread  of  certain  contagious  diseases,  in  which  the  fish 
acts  as  an  intermediate  host,  much  as  certain  mosquitoes  spread 
the  germs  of  malaria  and  yellow  fever. 

Electric  Fishes. — Several  species  of  fishes  possess  the  power 
to  inflict  electric  shocks  not  unlike  those  of  the  Leyden  jar. 
This  is  useful  in  stunning  their  prey  and  especially  in  confound- 
ing their  enemies.  In  most  cases  these  electric  organs  are 
evidently  developed  from  muscular  substance.  Their  action, 
which  is  largely  voluntary,  is  in  its  nature  like  muscular  action. 
,  The  power  is  soon  exhausted  and  must  be  restored  by  rest  and 
food.  The  effects  of  artificial  stimulation  and  of  poisons  are 
parallel  with  the  effect  of  similar  agents  on  muscles. 

In  the  electric  rays  or  torpedos  (Narcohatidw)  the  electric 
organs  are  large  honeycomb-like  structures,  "vertical   hexag- 


ic  Catfiah,  Torpedo  etcclricus  (Gmtlin).     Congo  River. 
(After  ItoulenRpr.) 

onal  prisms,"  upwards  of  400  of  them,  at  the  base  of  the  pec- 
toriil  fins.  Each  prism  is  filled  "with  a  clear  tamibling  jelly-like 
substance."  Tlicse  fishes  give  a  shook  which  is  commimicable 
through  a  metallic  conductor,  as  an  iron  spear  or  the  handle  of 
a  knife.  It  produces  a  peculiar  and  disagreeable  sensation  not 
at  all  dangerous.  It  is  said  that  tliis  living  battery  shows  all 
the  known  qualities  of  magnetism,  rendering  the  needle  mag- 
netic, decomposing  chemical  compounds,  etc.  In  the  Nile  is 
an  electric  catfish  {Torpedo  electriciis)  having  similar  powers. 
Its  electric  organ  extends  over  the  whole  body,  being  thickest 
below.  It  consists  of  rhomboidal  cells  of  a  firm  gelatmous 
substance. 

The  electric  eel  (Elcctrophorns  clcctricus),  the  most  powerful 
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of  electric  fishes,  is  not  an  eel,  but  allied  rather  to  the  sucker  or                      ^^^^| 

carp.     It  is,  however,  eel-like  in  form  and  lives  in  rivers  of  Brazil                       ^^^^| 
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ascribed  to  a  species  of  cusk    ^ 

^^k  I^^^^^^^H 

^^^^^H 
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cntiated    areas    round   or    oblong   which  shine   star-Hke    in  the 
dark.     These  are  usually  symmetrically  placed  on  the  sides  of 


FiO    41. — Headlight  Fish,  ^Bhoprora  lueida  Goode  and  Benn.    (MS  Struani. 


the  body.  They  may  have  also  luminous  glands  or  diffuse  areas 
which  are  luminous,  but  which  do  not  show  the  specialized 
structure  of  the  phosphorescent  spots.  These  glands  of  similar 
nature  to  the  spots   are  mostly  on  the  head  or  tail.      In  one 


FiR.  45, — Con/nnhphim   reinhnrilli   {T.iHkrn),   sliooins   Imninous   liulb    [modified 
after  Liilken).     Family  Ccmliiiltr.     Depp  sea  off  GrecnUiid. 

genus,  Mthof>rora,  the  luminous  snout  is  compared  to  the  head- 
light of  an  engine. 
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Entirely  different  are  the  photophores  in  the  midshipman 
or  singing-fish  (Porichthys) ,  a  genixs  of  toad-fishes  or  Batra- 
chaididcB.  This  species  lives  near  the  shore  and  the  luminous 
spots  are  outgrowths  from  pores  of  the  lateral  line. 

In  one  of  the  anglers  (Corynolophus  reinhardti)  the  complex 
bait  is  said  to  be  luminous,  and  luminous  areas  are  said  to 
occur  on  the  belly  of  a  very  small  shark  of  the  deep  seas  of 
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To  this  in  the  process  of  specialization  greater  complexity  has 
been  added. 

The  luminous  oi^ans  of  some  fishes  resemble  the  supposed 
original  structure  of  the  primitive  photophore,  though  of 
course  these  cannot  actually  represent  it.  The  simplest  type 
of  photophore  now  found  is  in  Astronestltes,  in  the  form  of 
irregular  glandular  luminous  patches  on  the  surface  of  the  skin. 


Fki.  47  ~Argyrvpekcu«  (,;/(Tsi  Cuvicr.     (Julf  Stn> 


There  is  no  homology  between  the  luminous  organs  of  any  insect 
and  those  of  any  fish. 

Photophores  of  Porichthys. — Entirely  distinct  in  their  origin 
are  the  luminous  spots  in  the  midshipman  {Porichthys  notattis), 
a  shore  fish  nf  Califoniia.  These  have  been  described  in  detail 
by  Dr.  Charles  Wilson  Greene  (late  of  Stanford  University,  now 
of  the  University  of  Missouri)  in  the  Journal  of  Morphology, 
XV.,  p.  667.  These  are  found  on  various  parts  of  the  body  in 
connection  with  the  mucous  pores  of  the  lateral  lines  and  about 
the  mucous  ])orcs  of  the  head.  The  skin  in  Porichthys  is  naked, 
and  the  photophores  arise  from  a  modification  of  its  epidermis. 
Each  is  spherical,  shining  white,  and  consists  of  four  parts — the 


Adaptations  of  P'ishes  63 

lens,  the  gland,  the  reflector,  and  the  pigment.  As  to  its  func- 
tion Prof.  Greene  observes: 

**  I  have  kept  specimens  of  Porichthys  in  aquaria  at  the  Hop- 
kins Seaside  Laboratorv,  and  have  made  numerous  observations 
on  them  with  an  effort  to  secure  ocular  proof  of  the  phospho- 
rescence of  the  living  active  fish.  The  fish  was  observed  in 
the  dark  when  quiet  and  when  violently  excited,  but,  with  a 
single  exception,  only  negative  results  were  obtained.  Once 
a  phosphorescent  glow  of  scarcely  perceptible  intensity  was 
observed  when  the  fish  was  pressed  against  the  side  of  the 
aquarium.  Then,  this  is  a  shore  fish  and  quite  common,  and 
one  might  suppose  that  so  striking  a  phenomenon  as  it  would 
present  if  these  organs  were  phosphorescent  in  a  small  degree 
would  be  observed  by  ichthyologists  in  the  field,  or  by  fisher- 
men, but  diligent  inquiry  reveals  no  such  evidence. 

**  Notwithstanding  the  fact  that  Porichthys  hsis  been  observed 
to  voluntarily  exhibit  only  the  trace  of  phosphorescence  men- 
tioned above,  still  the  organs  which  it  possesses  in  such  num- 
bers are  beyond  doubt  true  phosphorescent  organs,  as  the  fol- 
lowing observations  will  demonstrate.  A  live  fish  put  into  an 
aquarium  of  sea-water  made  alkaline  with  ammonia  water  ex- 
hibited a  most  brilliant  glow  along  the  location  of  the  well- 
developed  organs.  Not  only  did  the  lines  of  organs  shine 
forth,  but  the  individual  organs  themselves  were  distinguish- 
able. The  glow  appeared  after  about  five  minutes,  remained 
prominent  for  a  few  minutes,  and  then  for  twenty  minutes 
gradually  became  weaker  until  it  was  scarcely  perceptible. 
Rubbing  the  hand  over  the  organs  was  followed  always  by  a 
distinct  increase  in  the  phosphorescence.  Pieces  of  the  fish 
containing  the  organs  taken  five  and  six  hours  after  the  death 
of  the  animal  became  luminous  upon  treatment  with  ammonia 
water. 

"  Electrical  stimulation  of  the  live  fish  was  also  tried  with 
good  success.  The  interrupted  current  from  an  induction  coil 
was  used,  one  electrode  being  fixed  on  the  head  over  the  brain 
or  on  the  exposed  spinal  cord  near  the  brain,  and  the  other 
moved  around  on  different  parts  of  the  body.  No  results  fol- 
lowed relatively  weak  stimulation  of  the  fish,  although  such 
currents  produced  violent  contractions  of  the  muscular  system 
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of  the  body.  But  when  a  current  strong  enough  to  be  quite 
painful  to  the  hands  while  handling  the  electrodes  was  used 
then  stimulation  of  the  fish  called  forth  a  brilliant  glow  of  light 
apparently  from  every  well-developed  photophore.  All  the 
lines  on  the  ventral  and  lateral  surfaces  of  the  body  glowed 
with  a  beautiful  light,  and  continued  to  do  so  while  the  stimu- 
lation lasted.  The  single  well-developed  organ  just  back  of 
and  below  the  eye  was  especially  prominent.  No  luminosity 
was  observed  in  the  region  of  the  dorsal  organs  previously  de- 
scribed as  rudimentary  in  stnicturc.     I  was  also  able  to  produce 
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Fig.  48. — Luminous  orpiins  and  lateral  line  of  Midshipman,  Forichiht/s    notatus 
Girard.     Family  Batruchoididw,     Monterey,  California.     (After  Greene.) 

the  same  effect  by  galvanic  stimulation,  rripidly  making  and 
breaking  the  current  by  hand. 

**  The  light  produced  in  Poriclithys  was,  as  near  as  could  be 
determined  by  direct  observation,  a  white  light.  When  pro- 
duced b}"  electric  stimulation  it  did  not  suddenly  reach  its 
maximal  intensity,  but  came  in  quite  gradually  and  disappeared 
in  the  same  wav  when  the  stimulation  ceased.  The  light  was 
not  a  strong  one,  only  strong  enough  to  enable  one  to  quite 
easily  distinguish  the  apparatus  used  in  the  experiment. 

**  An  important  fact  brought  out  by  the  above  experiment  is 
that  an  electrical  stimulation  strong  enough  to  most  violently 
stimulate  the  nervous  svstcm,  as  shown  bv  the  violent  con- 
tractions  of  the  muscular  svstem,  mav  still  be  too  weak  to 
produce  phosphorescence.     This  fact  gives  a  physiological  con- 
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firmation  of  the  morphological  result  stated  above  that  no 
specific  nerves  are  distributed  to  the  phosphorescent  oi^ans. 

"  I  can  explain  the  action  of  the  electrical  current  in  these 
experiments  only  on  the  supposition  that  it  produces  its  effect 
by  direct  action  on  the  gland. 

"  The  experiments  just  related  were  all  tried  on  specimens  of 
the  fish  taken  from  under  the  rocks  where  they  were  guarding 


Fic.  U. — Crow-section  of  a  ventral  phosphoi«9cent  orgftn  of  the  Wdshipinan, 
Poridtihift  nolatiu  Girard.  I,  lens;  gl,  gland;  r,  reflector;  N,  blood;  p,  pi|;- 
ment.     (After  Greene.) 

the  young  brood.  Two  specimens,  however,  taken  by  hooks 
from  the  deeper  water  of  Monterey  Bay,  could  not  be  made  to 
show  phosphorescence  either  by  electrical  stimulation  or  by 
treatment  with  ammonia.  These  specimens  did  not  have  the 
high  development  of  the  s\-stem  of  mucous  cells  of  the  skin 
exhibited  by  the  nesting  fish.     My  observations  were,   how- 
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ever,  not  numerous  enough  to  more  than  suggest  the  possibility 
of  a  seasonal  high  development  of  the  phosphorescent  oi^ans. 

"  Two  of  the  most  important  parts  of  the  organ  have  to  do 
with  the  physical  manipulation  of  light — the  reflector  and  the 
lens,  respectively.  The  property  of  the  reflector  needs  no  dis- 
cussion other  than  to  call  attention  to  its  enormous  develop- 
ment.  The  lens  cells  are  composed  of  a  highly  refracti\'e  sub- 
stance, and  the  part  as  a  whole  gives  every  evidence  of  light 
refraction  and  condensation.  The  form  of  the  lens  gives  a 
theoretical  condensation  of  light  at  a  very  short  focus.  That 
such  is  in  reality  the  case,  I  have  proved  conclusively  by  exami- 
nation of  fresh  material.     If  the  fresh  fish  be  exposed  to  direct 


Fig.  50 — Section  of  the  deeper  portion  of  phosphoTcscent  organ  of  PoriehAy 
notatuB    highly  magnified      (After  Greene  ) 

sunlight,  there  is  a  reflected  spot  of  intense  light  from  each 
phosphorescent  organ.  This  spot  is  constant  in  position  with 
reference  to  the  sun  in  whatever  position  tlie  fish  be  turned 
and  is  lost  if  the  lens  be  dissected  away  and  only  the  reflector 
left.  With  needles  and  a  simple  microscope  it  is  comparatively 
easy  to  free  the  lens  from  the  surrounding  tiFsne  and  to  examine 
it  directly.  When  thus  freed  and  examined  in  normal  saline,  I 
have  found  by  rough  estimates  that  it  condenses  sunlight  to  a 
bright  point  a  distance  back  of  the  lens  of  from  one-fourth  to 
one-half  its  diameter.  I  regret  that  I  have  been  unable  to  make 
precise  physical  developments. 

"  The  literature  on  the  histological  structure  of  known  phos- 
phorescent organs  of  fishes  is  rather  meager  and  unsatisfactory. 
Von  Lendenfeld  describes  twelve  classes  of  phosphorescent 
organs  from  deep-sea  fishes  collected  by  the  Challenger  expe- 
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dition.  All  of  these,  however,  are  greater  or  less  modifications 
of  one  type.  This  type  includes,  according  to  von  Lendenfeld's 
views,  three  essential  parts,  i.e.,  a  gland,  phosphorescent  cells, 
and  a  local  ganglion.  These  parts  may  have  added  a  reflector, 
a  pigment  layer,  or  both ;  and  all  these  may  be  simple  or  com- 
pounded in  various  ways,  giving  rise  to  the  twelve  classes. 
Blood-vessels  and  nerves  are  distributed  to  the  glandular  por- 
tion. Of  the  twelve  classes  direct  ocular  proof  is  given  for 
one,  i.e.,  ocellar  organs  of  Myctophum  which  were  observed  by 
Willemoes-Suhm  at  night  to  shine  *  like  a  star  in  the  net. '  Von 
Lendenfeld  says  that  the  gland  produces  a  secretion,  and  he 
supposes  the  light  or  phosphorescence  to  be  produced  either 
by  the  *  burning  or  consuming '  of  this  secretion  by  the  phos- 
phorescent cells,  or  else  by  some  substance  produced  by  the 
phosphorescent  cells.  Furthermore,  he  says  that  the  phos- 
phorescent cells  act  at  the  *will  of  the  fish'  and  are  excited 
to  action  by  the  local  ganglion. 

*'  Some  of  these  statements  and  conclusions  seem  insufficiently 
grounded,  as,  for  example,  the  supposed  action  of  the  phos- 
phorescent cells,  and  especially  the  control  of  the  ganglion 
over  them.  In  the  first  place,  the  relation  between  the  ganglion 
and  the  central  nervous  system  in  the  forms  described  by  von 
Lendenfeld  is  very  obscure,  and  the  structure  described  as  a 
ganglion,  to  judge  from  the  figures  and  the  text  descriptions, 
may  be  wrongly  identified.  At  least  it  is  scarcely  safe  to 
ascribe  ganglionic  function  to  a  group  of  adult  cells  so  poorly 
preserved  that  only  nuclei  are  to  be  distinguished.  In  the 
second  place,  no  structural  character  is  sl^own  to  belong  to  the 
'phosphorescent  cells'  by  which  they  may  take  part  in  the 
process  ascribed  to  them.* 

'*  The  action  of  the  organs  described  by  him  may  be  explained 
on  other  grotmds,  and  entirely  independent  of  the  so-called 
*  ganglion  cells'  and  of  the  'phosphorescent  cells.' 

*  The  cells  which  von  Lendenfeld  designates  '  phosphorescent  cells '  have 
as  their  peculiar  characteristic  a  large,  oval,  highly  refracting  body  imbedded  in 
the  protoplasm  of  the  larger  end  of  the  clavate  cells.  These  cells  have  nothing 
in  common  with  the  structure  of  the  cells  of  the  firefly  known  to  be  phos- 
phorescent in  nature.  In  fact  the  true  phosphorescent  cells  are  more  probably 
the  *  gland-cells '  found  in  ten  of  the  twelve  classes  of  organs  which  he 
describes. 
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"  Phosphorescence  as  applied  to  the  production  of  light  by  a 
living  animal  is,  according  to  our  present  ideas,  a  chemical  action, 
an  oxidation  process.  The  necessary  conditions  for  producing  it 
are  two — an  oxidizable  substance  that  is  luminous  on  oxida- 
tion, i.e.,  a  photogenic  substance  on  the  one  hand,  and  the  pres- 
ence of  free  oxygen  on  the  other.  Every  phosphorescent  organ 
must  have  a  mechanism  for  producing  these  two  conditions; 
all  other  factors  are  only  secondary  and  accessory.  If  the 
gland  of  a  firefly  can  produce  a  substance  that  is  oxidizable 
and  luminous  on  oxidation,  as  shown  as  far  back  as  1828  by 
Faraday  and  confirmed  and  extended  recently  by  Watas6,  it  is 
conceivable,  indeed  probable,  that  phosphorescence  in  Myctophum 
and  other  deep-sea  forms  is  produced  in  the  same  direct  way, 
that  is,  by  direct  oxidation  of  the  secretion  of  the  gland  foimd 
in  each  of  at  least  ten  of  the  twelve  groups  of  organs  described 
by  von  Lendenfeld.  Free  oxygen  may  be  supplied  directly 
from  the  blood  in  the  capillaries  distributed  to  the  gland 
which  he  describes.  The  possibility  of  the  regulation  of  the 
supply  of  blood  carrying  oxygen  is  analogous  to  what  takes 
place  in  the  firefly  and  is  wholly  adequate  to  account  for  any 
'flashes  of  light*  'at  the  will  of  the  fish.* 

**In  the  phosphorescent  organs  of  Porichthys  the  only  part 
the  function  of  which  cannot  be  explained  on  physical  groimds 
is  the  grouj)  of  cells  called  the  gland.  If  the  large  granular 
cells  of  this  portion  of  the  structure  produce  a  secretion,  as  seems 
probable  from  the  character  of  the  cells  and  their  behavior 
toward  reagents,  and  this  substance  be  oxidizable  and  luminous 
in  the  presence  of  free  oxygen,  i.e.,  photogenic,  then  we  have 
the  conditions  necessary  for  a  light-producing  organ.  The 
numerous  capillaries  distributed  to  the  gland  will  supply  free 
oxygen  sufficient  to  meet  the  needs  of  the  case.  Light  pro- 
duced in  the  gland  is  ultimately  all  projected  to  the  exterior, 
either  directly  from  the  luminous  points  in  the  gland  or  reflected 
outward  by  the  reflector,  the  lens  condensing  all  the  rays  into 
a  definite  pencil  or  slightly  diverging  cone.  This  explanation 
of  the  light-producing  process  rests  on  the  assumption  of  a 
secretion  product  with  certain  specific  characters.  But  com- 
paring the  organ  with  structures  known  to  produce  such  a  sub- 
stance, i.e.,  the  glands  of  the  firefly  or  the  photospheres  of  Eu- 
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phausia,  it  seems  to  me  the  assumption  is  not  less  certain  than 
the  asstimption  that  twelve  structures  resembling  each  other  in 
certain  particulars  have  a  common  function  to  that  proved  for 
one  only  of  the  twelve. 

'*  I  am  inclined  to  the  belief  that  whatever  regulation  of  the 
action  of  the  phosphorescent  organ  occurs  is  controlled  by  the 
regulation  of  the  supply  of  free  oxygen  by  the  blood-stream 
flowing  through  the  organ ;  but,  however  this  may  be,  the  essen- 
tial fact  remains  that  the  organs  in  Porichthys  are  true  phos- 
phorescent organs.'*     (Greene.) 

Other  species  of  Porichthys  with  similar  photophores  occur 
in  Texas,  Guiana,  Panama,  and  Chile.  The  name  midshipman 
alludes  to  these  shining  spots,  compared  to  buttons. 

Globefishes. — The  globefishes  {Tetraodon,  etc.)  and  the  por- 
cupine-fishes have  the  surface  defended  by  spines.  These  fishes 
have  an  additional  safeguard  through  the  instinct  to  swallow 
air.      When  one  of  these  fishes  is  seriously  disturbed  it  rises  to 


Fig.  61. — Sucking-fish,  or  Pegador,  Leptccheneis  naucrates  (Linnjeus).    Virginia. 

.  the  surface,  gulps  air  into  a  capacious  sac,  and  then  floats  belly 
upward  on  the  surface.  It  is  thus  protected  from  other  fishes, 
although  easily  taken  by  man.  The  same  habit  appears  in  some 
of  the  frog-fishes  {Antemiariiis)  and  in  the  Swell  sharks  (Cepha- 
loscyllium) . 

The  writer  once  hauled  out  a  netful  of  globefishes  (Tetrao- 
don  hispidus)  from  a  Hawaiian  lagoon.  As  they  lay  on  the  bank 
a  dog  came  up  and  sniffed  at  them.  As  his  nose  touched  them 
they  swelled  themselves  up  with  air,  becoming  visibly  two  or 
three  times  as  large  as  before.  It  is  not  often  that  the  lower 
animals  show  surprise  at  natural  phenomena,  but  the  attitude 
of  the  dog  left  no  question  as  to  his  feeling. 

Rcmoras.^-The  different  species  of  Remora,  or  shark-suckers, 
fasten  themselves  to  the  surface  of  sharks  or  other  fishes  and 
are  carried  about  by  them  often  to  great  distances.     These 
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fishes  attach  themselves  by  a  large  sucking-disk  on  the  top  of 
the  head,  which  is  a  modified  spinous  dorsal  fin.  They  do  not 
harm  the  shark,  except  possibly  to  retard  its  motion.  If  the 
shark  is  caught  and  drawn  out  of  the  water,  these  fishes  often 
instantly  let  go  and  plunge  into  the  sea,  swimming  away  with 
great  celerity. 

Sucking-diskB  of  ClingfishcB.  —  Other  fishes  have  sucking- 
disks  differently  made,  by  which  they  cling  to  rocks.  In  the 
gobies  the  united  ventrals  have  some  adhesive  power.  The 
blind  goby  (Typhlogobius  califormensis)  is  said  to  adhere  to  rocks 
in  dark  holes  by  the  ventral  fins.  In  most  gobies  the  adhesive 
power  is  slight.  In  the  sea-snails  [hiparidid^)  and  lumpfishes 
l^Cyclopteridce)   the    united   ventral  fins   are  modified  into  an 


Gingfish,  Caidarchus  maandricus  (Girard).     Monterey,  California. 


elaborate  circular  sucking-disk.  In  the  clingfishes  {Gobtesocida) 
the  sucking-disk  lies  between  the  ventral  fins  and  is  made  in 
part  of  modified  folds  of  the  naked  skin.  Some  fishes  creep 
over  the  bottom,  exploring  it  with  their  sensitive  barbels,  as 
the  gurnard,  surmullet,  and  goatfish.  The  suckers  (Catosiomus) 
test  the  bottom  with  their  thick,  sensitive  lips,  either  puckered 
or  papillose,  feeding  by  suction. 

I,ampreys  and  Hagfishes. — The  lampreys  suck  the  blood  of 
other  fishes  to  which  they  fasten  themselves  by  their  disk-like 
mouth  armed  with  rasping  teeth. 

The  hagfishes  (Myxitie.  EptatrcUis)  alone  among  fishes  are 
truly  parasitic.  These  fishes,  worm-like  in  form,  have  round 
mouths,  armed  with  strong  hooked  teeth.  They  fasten  them- 
seh'es  at  the  throats  of  large  fishes,  work  their  way  into  the 
muscle  without  tearing  the  skin,  and  finally  once  inside  devour 
all  the  muscles  of  the  fish,  lea\-ing  the  skin  unbroken  and  the 
viscera  imdisturbed.     These  fishes  become  li\-ing  hulks  before 
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they  die.  If  lifted  out  of  the  water,  the  slimy  hagfish  at  once 
slips  out  and  swims  quickly  away.  In  gill-nets  in  Monterey 
Bay  great  mischief  is  done  by  hagfish  {Polistotrema  stouti).  It 
is  a  curious  fact  that  large  ntunbers  of  hagfish  eggs  are  taken 
from  the  stomachs  of  the  male   hagfish,  which  seems  to  be 


Fig.  58. — Hagfish,  PolisAotrema  stouti  (Lockington). 

almost  the  only  enemy  of  his  own  species,  keeping  the  ntimbers 
in  check. 

The  Swordfishes. — In  the  swordfish  and  its  relatives,  the  sail- 
fish  and  the  spearfish,  the  bones  of  the  anterior  part  of  the 
head  are  grown  together,  making  an  efficient  organ  of  attack. 
The  sword  of  the  swordfish,  the  most  powerful  of  these  fishes, 
has  been  known  to  pierce  the  long  planks  of  boats,  and  it  is 
supposed  that  the  animal  sometimes  attacks  the  whale.  But 
stories  of  this  sort  lack  verification. 

The  Paddle-fishes. — In  the  paddle-fishes  {Polyodon  spatula  and 
Psephurus  gladius)  the  snout  is  spread  out  forming  a  broad 
paddle  or  spatula.  This  the  animal  uses  to  stir  up  the  mud 
on  the  bottoms  of  rivers,  the  small  organisms  contained  in 
mud  constituting  food.  Similar  paddle-like  projections  are 
developed  in  certain  deep-water  Chimaeras  {Harrtoitia,  Rhino- 
chimcera),  and  in  the  deep-sea  shark,  Mitsukurina, 

The  Sawfishes. — ^A  certain  genus  of  rays  {Pristis,  the  saw- 
fish) and  a  genus  of  sharks  {Pristtophoms,  the  saw-shark),  pos- 
sess a  similar  spatula-shaped  snout.  But  in  these  fishes  the 
snout  is  provided  on  either  side  with  enamelled  teeth  set  in 
sockets  and  standing  at  right  angles  with  the  snout.  The 
animal  swims  through  schools  of  sardines  and  anchovies,  strikes 


Adapudons  of  Fishes  73 

light  and  left  with  this  saw,  destroying  the  small  fishes,  who 
thus  become  an  easy  prey.  These  fishes  live  in  estuaries  and 
river  mouths,  Pristis  in  tropical  America  and  Guinea,  Pristi- 
opkorus  in  Japan  and  Australia.    In  the  mythology  of  science,  the 


sawfish  attacks  the  whale,  but  in  fact  the  two  animals  never 
ctwne  within  miles  of  each  other,  and  the  sawfish  is  an  object  of 
danger  only  to  the  tender  fishes,  the  small  fr>'  of  the  sea. 

Pecnllartics  of  Jaws  and  Teeth. — The  jaws  of  fishes  are  sub- 
ject to  a  great  variety  of  modifications.  In  some  the  bones  are 
joined  by  distensible  ligaments  and  the  fish  can  swallow  other 
fishes  larger  than  itself.  In  other  cases  the  jaws  are  excessively 
small  and  toothless,  at  the  end  of  a  long  tube,  so  ineffective  in 
appearance  that  it  is  a  mar\-el  that  the  fish  can  swallow  any- 
thing at  all. 

In  the  thread-eels  (Xemichthys)  the  jaws  are  so  recur\ed 
that  they  cannot  possibly  meet,  and  in  their  great  length  seem 
woise  than  useless. 

In  some  species  the  knife-like  canines  of  the  lower  jaw  pierce 
through  the  substance  of  the  upper. 

In  four  different  and  wholly  unrelated  groups  of  fishes  the 
teeth  are  grown  fast  together,  forming  a  homy  beak  like  that  of 
the  parrot.  These  are  the  Chimaeras.  the  globefishes  (Tetroadon). 
and  their  relati'i'es,  the  parrot-fishes  'Scarus,  etc.),  and  the 
stone-wall  perch  (Oplegnathus).  The  structure  of  the  beak 
varies  considerably  in  these  four  cases,  in  accord  with  the  dif- 
ference in  the  origin  erf  its  structures.      In  the  g^obefishes  the 
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jaw-bones  are  fused  together,  and  in  the  Chimaeras  they  are 
solidly  joined  to  the  cranium  itself. 

The  Angler-fishes. — In  the  large  group  of  angler-fishes  the  first 
spine  of  the  dorsal  fin  is  modified  into  a  sort  of  bait  to  attract 
smaller  fishes  into  the  capacious  mouth  below.  This  structure 
is  typical  in  the  fishing-frog  (Lophius),  where  the  fleshy  tip  <rf 
this  spine  hangs  over  the  great  mouth,  the  huge  fish  lying  on 
the  bottom  apparently  inanimate  as  a  stone.  In  other  related 
fishes  this  spine  has  different  forms,  being  often  reduced  to  a 
vestige,  of  little  value  as  a  lure,  but  retained  in  accordance 
with  the  law  of  heredity.  In  a  deep-sea  angler  the  bait  is 
enlarged,  provided  with  fleshy  streamers  and  a  luminous  bcxiy 
which  serves  to  attract  small  fishes  in  the  depths. 

The  forms  and  uses  of  this  spine  in  this  group  constitute  a 
very  suggestive  chapter  in  the  study  of  specialization  and  ulti- 
mate degradation,  when  the  special  function  is  not  needed  or 
becomes  ineffective. 

Similar  phases  of  excessive  development  and  final  degrada- 
tion may  be  found  in  almost  every  group  in  which  abnormal 
stress  has  been  laid  on  a  particular  organ.  Thus  the  ventral 
fins,  made  into  a  large  sucking-disk  in  Liparis,  are  lost  alto- 
gether in  Paraliparis.  The  very  large  poisoned  spines  of  Pterois 
become  very  short  in  Aploactis,  the  high  dorsal  spines  of  Citida 
are  lost  in  Alectis,  and  sometimes  a  very  large  organ  dwindles 
to  a  very  small  one  within  the  limits  of  the  same  genus.  An 
example  of  this  is  seen  in  the  poisoned  pectoral  spines  of 
Schilheodes. 

The  Unsymmetrical  Eyes  of  Flounders. — In  the  two  great 
families  of  flounders  and  soles  the  head  is  unsymmetrically 
formed,  the  cranium  being  twisted  and  both  eyes  placed  on  the 
same  side.  The  body  is  strongly  compressed,  and  the  side  pos- 
sessing the  eyes  is  uppermost  in  all  the  actions  of  the  fish. 
This  upper  side,  whether  right  or  left,  is  colored,  while  the  eye- 
less side  is  white  or  very  nearly  so. 

It  is  well  known  that  in  the  very  young  flounder  the  body 
rests  upright  in  the  water.  After  a  little  there  is  a  tendency  to 
turn  to  one  side  and  the  lower  eye  begins  its  migration  to  the 
other  side,  the  interorbital  bones  or  part  of  them  moving  before 
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it.  In  most  flounders  the  eye  seems  to  move  over  the  surface 
of  the  head,  before  the  dorsal  fin,  or  across  the  axil  of  its  first 
ray.  In  the  tropical  genus  Platopkrys  the  movement  of  the  eye 
is  most  easily  followed,  as  the  species  reach  a  larger  size  than 
do  most  floimders  before  the  change  talres  place.  The  larva, 
while  symmetrical,  is  in  all  cases  transparent. 

In  a  recent  study  of  the  migration  of  the  eye  in  the  winter 


Floe.  fi6,  ST. — LutbI  stages  of  PbUophryt  poda»,  ft  flounder  of  the  Heditomneim, 
Bbowing  the  migration  of  the  eye.    (After  Emery.) 

floimder  (Pseitdopleuronectes  americanus)  Mr.  Stephen  R.  Wil- 
liams reaches  the  following  conclusions: 

1.  The  young  of  Limanda  ferruginea  (the  rusty  dab)  are 
probably  in  the  larval  stage  at  the  same  time  as  those  of  Pseu- 
dopleuronectes  americanus  (the  winter  flotmder). 

2.  The  recently  hatched  fish  are  symmetrical,  except  for  the 
relative  positions  of  the  two  optic  nerves. 

3.  The  first  observed  occurrence  in  preparation  for  meta- 
morphosis in  P.  americanus  is  the  rapid  resorption  of  the  part 
of  the  supraorbital  cartilage  bar  which  lies  in  the  path  of  the 
eye. 

4.  Correlated  with  this  is  an  increase  in  distance  between 
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the  eyes  and  the  brain,  caused  by  the  growth  of  the  facial  carti- 
lages. 

5.  The  migrating  eye  moves  through  an  arc  of  about  isi 
degrees. 


B.^PIalophrys    hiitattie    (lintueus),    tha    Wide-eyed    Flounder.      Family 
PleuroTitctUUt!.    Cubs.     (From  nature  by  Mrs.  H.  C.  Niislu) 


The  greater  part  of  this  rotation  (three- fourths  of  it  in 
us)  is  a  rapid  process,  taking  not  more  than  three  I 


P. 

day; 

7.  The  anterior   ethmoidal  region 
enccd    by    the    twisting   as   the 
ocular  region. 

8.  The  location  of  the  olfac- 
tory nerves  (in  the  adult)  shows 
that  the  morphological  midline 
follows  the  interorbital  septum. 

9.  The  cartilage  mass  lying  i- 
the  adult  eye 


.  not  so  strongly  influ-  j 


FiQ.     69.  —  Young      Flounder,      ji 
hatched,    with    aymmetrical    eyes.    , 
(.4fter  3.   R.   Williams.) 


1  the  front  part  of  the  orbit  of 
i  a  separate  anterior  structure  in  the  larva. 

10.  With   imimportant    differences,    the    process    of   meta- 
morphosis in  the  sinistral  fish  is  parallel  to  that  in  the  dextr^  I 
fish. 

11.  The  original  location  of  the  eye  is  indicated  in  the  adult  ] 
by  the  direction  first  taken,  as  they  leave  the  brain,  by  those  ■ 
cranial  nerves  having  to  do  with  the  transposed  eye. 
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12.  The  only  well-marked  asymmetry  in  the  adult  brain  is 
due  to  the  much  laiger  size  of  the  olfactory  nerve  and  lobe  of 
the  ocular  side. 

13.  There  is  a  perfect  chiasma. 

14.  The  optic  nerve  of  the  migrating  eye  is  always  anterior 
to  that  of  the  other  eye. 

"  The  why  of  the  peculiar  metamorphosis  of  the  PJeuro- 
nectidce  is  an  unsolved  probkm.  The  presence  or  absence  of 
a  swim-bladder  can  have  nothing  to  do  with  the  change  of 
habit  of  the  young  flatfish,  for  P.  atnericanus  must  lose  its  air- 
bladder  before  metamorphosis  begins,  since  sections  showed  no 


Fin.   60. — Larval  Flounder,  Pteudoplrurottfcta  amtriamut.   (.\ft«rS.  R.W 


Fl«.  81. — Larval  Floimder.  Pteudopteurorteflee amerieanut.     (AfterS. R. Williams.) 

evidence  of  it,  whereas  in  Lophopsetta  ntaciilata,  '  the  window- 
pane  floimder,'  the  air-sac  can  often  be  seen  by  the  naked  eye 
up  to  the  time  when  the  fish  assumes  the  adult  coloration,  and 
long  after  it  has  assumed  the  adult  form. 

"  Cimningham  has  suggested  that  the  weight  of  the  fish 
acting  upon  the  lower  eye  after  the  turning  would  press  it 
toward  the  upper  side  out  of  the  way.  But  in  all  probability  the 
planktonic  lar\-a  rests  on  the  sea-bottom  little  if  at  all  before 
metamorphosii^.  Those  taken  by  Mr.  Williams  into  the  labora- 
tory showed  in  resting  no  preference  for  either  side  until  the  eye 
was  near  the  midline. 
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FiQ.  63. — Japanese  Sea-horse,  Hippoeampia  Tnohnikei  Bleeker.    Waaki,  JapuL 


CHAPTER  VI 

THE  COLORS   OF  FISHES 

JIGMENTATION. — The  colors  of  fishes  are  in  general  pro- 
duced by  oil  sacs  or  pigment  cells  beneath  the  epidermis 
or  in  some  cases  beneath  the  scales.  Certain  metallic 
shades,  silvery  blue  or  iridescent,  are  produced,  not  by  actual 
pigment,  but,  as  among  insects,  by  the  deflection  of  light  from 
the  polished  skin  or  the  striated  surfaces  of  the  scales.  Certain 
fine  striations  give  an  iridescent  appearance  through  the  inter- 
ference of  light. 

The  pigmentary  colors  may  be  divided  into  two  general 
classes,  grotmd  coloration  and  ornamentation  or  markings. 
Of  these  the  groimd  color  is  most  subject  to  individual  or  local 
variation,  although  usually  within  narrow  limits,  while  the 
markings  are  more  subject  to  change  with  age  or  sex.  On  the 
other  hand,  they  are  more  distinctive  of  the  species  itself. 

Protective  Coloration.  —  The  groimd  coloration  most  usual 
among  fishes  is  protective  in  its  nature.  In  a  majority  of  fishes 
the  back  is  olivaceous  or  gray,  either  plain  or  mottled,  and  the 
belly  white.  To  birds  looking  down  into  the  water,  the  back 
is  colored  like  the  water  itself  or  like  the  bottom  below  it.  To 
fishes  in  search  of  prey  from  below,  the  belly  is  colored  like 
the  surface  of  the  water  or  the  atmosphere  above  it.  In  any 
case  the  darker  colored  upper  surface  casts  its  shadow  over 
the  paler  lower  parts. 

In  shallow  waters  or  in  rivers  the  bottom  is  not  imiformly 
colored.  The  fish,  especially  if  it  be  one  which  swims  close 
to  the  bottom,  is  better  protected  if  the  olivaceous  surface  is 
marked  by  darker  cross  streaks  and  blotches.  These  give  the 
fish  a  color  resemblance  to  the  weeds  about  it  or  to  the  sand 
and  stones  on  which  it  lies.  As  a  rule,  no  fish  which  lies  on 
the  bottom  is  ever  qtiite  imiformly  colored. 

In  the  open  seas,  where  the  water  seems  very  blue,  blue 

79 


8o  The  Colors  of  Fishes 

colors,  and  especially  metallic  shades,  take  the  place  of  oliva- 
ceous gray  or  green.  As  we  descend  into  deep  water,  especially 
in  the  warm  seas,  red  pigment  takes  the  place  of  olive.  At  a 
moderate  depth  a  large  percentage  of  the  fishes  are  of  vari- 
ous shades  of  red.  Several  of  the  lai^e  groupers  of  the 
West  Indies  are  represented  by  two  color  forms,  a  shore 
form  in  which  the  prevailing  shade  is  olive-green,  and  a 
deeper-water  form  which  is  crimson.     In  several  cases  an  inter- 


<^S^ 


niil>x  riiliiciinda  (Girard).    La  Jolla, 


mediate-color  form  also  exists  which  is  lemon-yellow.  On 
the  coast  of  California  is  a  band-shaped  blenny  {Apodichthys 
ftaviiitis)  whicli  appears  in  three  ccjlors,  according  to  its  sur- 
roundings, blood-red,  grass-green,  and  olive-yellow.  The  red 
coloration  is  also  essentially  protective,  for  the  region  inhab- 
ited by  such  forms  is  the  zone  of  the  rose-red  alga;.  In  the 
arctic  waters,  and  in  lakes  where  rose-red  algse  are  not  found, 
the  red-ground  coloration  is  almost  unknown,  although  red 
may  appear  in  markings  or  in  nuptial  colors.  It  is  possible 
that  the  red,  both  of  fishes  and  alga;,  in  deeper  water  is  related 
to  the  efTect  of  water  on  tlic  waves  of  light,  but  whether  this 
should  make  fishes  red  or  violet  has  never  been  clearly  under- 
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stood.     It  is  true  also  that  where  the  red  in  fishes  ceases  violet- 
black  begins. 

In  the  greater  depths,  from  500  to  4000  fathoms,  the  ground 
color  in  most  fishes  becomes  deep  black  or  violet-black,  sometimes 
with  silvery  luster  reflected  from  the  scales,  but  more  usually- 
dull  and  lusterless.  This  shade  'may  be  also  protective.  In 
these  depths  the  stm's  rays  scarcely  penetrate,  and  the  fish  and 
the  water  are  of  the  same  apparent  shade,  for  black  coloration 
is  here  the  mere  absence  of  light. 

In  general,  the  markings  of  various  sorts  grow  less  distinct 
with  the  increase  of  depth.  Bright-red  fishes  of  the  depths  are 
usually  imiform  red.  The  violet-black  fishes  of  the  oceanic 
abysses  show  no  markings  whatever  (luminous  glands  excepted), 
and  in  deep  waters  there  are  no  nuptial  or  sexual  differences  in 
color. 

Grotmd  colors  other  than  olive-green,  gray,  brown,  or  silvery 
rarely  appear  among  fresh-water  fishes.  Marine  fishes  in  the 
tropics  sometimes  show  as  ground  color  bright  blue,  grass- 
green,  crimson,  orange-yellow,  or  black;  but  these  showy  colors 
are  almost  confined  to  fishes  of  the  coral  reefs,  where  they  are 
often  associated  with  elaborate  systems  of  markings. 

Protective  Markings. — The  markings  of  fishes  are  of  almost 
every  conceivable  character.  They  may  be  roughly  grouped 
as  protective  coloration,  sexual  coloration,  nuptial  coloration, 
recognition  colors,  and  ornamentation,  if  we  may  use  the  latter 
term  for  brilliant  hues  which  serve  no  obvious  purpose  to  the 
fish  itself. 

Examples  of  protective  markings  may  be  seen  everywhere. 
The  flounder  which  lies  on  the  sand  has  its  upper  surface  cov- 
ered with  sand-like  blotches,  and  these  again  will  vary  according 
to  the  kind  of  sand  it  imitates.  It  may  be  true  sand  or  crushed 
coral  or  the  detritus  of  lava,  in  any  case  perfectly  imitated. 

Equally  closely  will  the  markings  on  a  fish  correspond  with 
rock  surroundings.  With  granite  rocks  we  find  an  elaborate 
series  of  granitic  markings,  with  coral  rocks  another  series  of 
shades,  and  if  red  corals  be  present,  red  shades  of  like  appear- 
ance are  found  on  the  fish.  Still  another  kind  of  mark  indi- 
cates rock  pools  lined  with  the  red  calcareous  algae  called  coral- 
lina.     Black  species  are  found  in  lava  masses,  grass-green  ones 
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among  the  fronds  of  ulva,  and  olive-green  among  Sargassum 
or  fucus,  the  markings  and  often  the  form  corresponding  to  the 
nature  of  the  algae  in  which  the  species  makes  its  home. 

Sexual  Coloration.  —  In  many  groups  of  fishes  the  sexes  are 
differently  colored.  In  some  cases  bright-red,  blue,  or  black 
markings  characterize  the  male,  the  female  having  similar 
marks,  but  less  distinct,  and  the  bright  colors  replaced  by  olive. 


Fie.  65. — Lixard-skippvr,  AUieua  mliene  (Forster).  \  bleoDv  which  lie^  out  of 
water  on  lava-roclu,  leaping  from  one  to  another  with  great  agility.  From 
nature;  specimen  from  Point  Distress,  Tut uila  Uand,  Samoa.  (About  one- 
httUaze.) 

brown,  or  gray.  In  a  few  cases,  however,  the  female  has  marks 
of  a  totally  different  nature,  and  scarcely  less  bright  than  those 
of  the  male. 

Nuptial  Coloratioii.  —  N'uptial  colors  are  those  which  appear 
on  the  male  in  the  breeding  season  only,  the  pigment  after- 
wards vanishing.  lea\-ing  the  sexes  essentially  alike.  Such 
colors  are  found  on  most  of  the  minnows  and  dace  (Cyprinidee) 
of  the  rivers  and  to  a  less  degree  in  some  other  fresh-water 
6shes,  as  the  darters  {Eiiieostomvta)  and    the    trout.      In  the 
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minnows  of  many  species  the  male  in  spring  has  the  skin  chaiged 
with  bright  pigment,  red,  black,  or  bright  silvery,  for  the  most 
part,  the  black  most  often  on  the  head,  the  red  on  the  head 
and  body,  and  the  silvery  on  the  tips  of  the  fins.  At  the  same 
time  other  markings  are  intensified,  and  in  many  species  the 
head  and  sometimes  the  body  and  fins  are  covered  with  warty 
excfescences.    These  sliades  are  most  distinct  on  the  most  vigor- 


Fio.  06.— Blue-hrcastoii  Darter.  Elheoxlomi  camiirum  (Cope),  the  n 

colciniU  ot  Auicricflii  ris'iT-lishus.    Cumlwrland  Gap,  Tenntsusee. 

ous  males,  and  disappear  with  the  warty  excrescences  after  the 
fertilization  of  the  eggs. 

Nuptial  colors  do  not  often  appear  among  marine  fishes,  and 
in  but  few  families  are  the  sexes  distinguishable  by  differences 
in  coloration. 

Recognition-marks. — Under  the  head  of  "recognition-marks" 
may  be  groujxd  a  great  variety  of  special  markings,  which  may 
be  conceived  to  aid  the  rcpR'sentati\'es  of  a  given  species  to 
recognize  each  other,  Tliat  they  actualU'  serve  this  purpose  is 
a  matter  of  theory,  hut  the  theory  is  i>lausible,  and  these  mark- 
ings have  much  in  eoninion  with  the  white  tail  feathers,  scarlet 
crests,  coloa'd  wing  patches,  and  other  markings  regarded  as 
recognition- marks  among  birds. 

Among  these  are  ocelli,  black-  or  blue-ringed  with  white  or 
yellow,  on  various  parts  of  the  body;  black  spots  on  the  dorsal 
fin;  black  spots  1)elow  or  Ivhind  the  eye;  black,  red,  blue,  or 
vellow  spots  variously  placed ;  cross-bars  of  red  or  black  or  green, 
with  or  without  pale  edges;  a  blood-red  fin  or  a  fin  of  shining 
blue  among  pale  ones ;  a  white  edge  to  the  tail ;  a  yellow,  blue, 
cr  ret]   streamer  to  the  dorscd  fin,  a  black  tip  to  the  pectoral 


lliDEPDt'F  LKfCOPOMO*  !CI7*'IBR  a  VALRMCIBUMBS) 
irDEPDrP   DHIOCRLLATTB    (QDOY    ft    GAIHARDt 
1    ABODBPDUF  TADPC  JORDAN  ft  SHALB.    TTPB 
DAMSBl.  FISHES   (POMACENTRID.K)    FROM   THK   CORAL  RREFS,  SAMOA, 
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or  ventral;  a  hidden  spot  of  emerald  in  the  mouth  or  in  the 
axil;  an  almost  endless  variety  of  sharply  defined  markings, 
not  directly  protective,  which  serve  as  recognition-marks,  if  not 
to  the  fish  itself,  certainly  to  the  naturalist  who  studies  it. 

These  marks  shade  off  into  an  equally  great  variety  for  which 
we  can  devise  no  better  name  than  "ornamentation."  Some 
fishes  are  simply  covered  with  brilliant  spots  or  bars  or  reticu- 
lations, their  nature  and  variety  baffling  description,  while  no 
useful  purpose  seems  to  be  served  by  them,  unless  we  stretch 
still  more  widely  the  convenient  theory  of  recognition-marks. 

In  many  cases  the  markings  change  with  age,  certain  bands, 
stripes,  or  ocelli  being  characteristic  of  the  young  and  gradu- 
ally disappearing.  In  such  cases  the  same  marks  will  be  foimd 
permanent  in  some  related '  species  of  less  differentiated  colora- 
tion.    In  such  cases  it  is  safe  to  regard  them  as  ancestral. 

In  case  of  markings  on  the  fins  and  of  elaborate  ornamenta- 
tion in  general,  it  is  best  defined  in  the  oldest  and  most  vigorous 
individuals,  becoming  intensified  by  degrees.  The  most  bril- 
liantly colored  fishes  are  found  about  the  coral  reefs.  Here 
may  be  fotmd  species  of  which  the  ground  color  is  the  most 
intense  blue,  others  are  crimson,  grass-green,  lemon-yellow, 
jet-black,  and  each  with  a  great  variety  of  contrasted  mark- 
ings. The  frontispiece  of  this  volume  shows  a  series  of  such 
fishes  drawn  from  nature  from  specimens  taken  in  pools  of  the 
great  coral  reef  of  Apia  in  Samoa.  These  colors  are  not  pro- 
tective. The  coral  masses  are  mostly  plain  gray,  and  the  fishes 
which  lie  on  the  bottom  are  plain  gray  also.  Nothing  could 
be  more  brilliant  or  varied  than  the  hues  of  the  free-swimming 
fishes.  What  their  cause  or  purpose  may  be,  it  is  impossible  to 
say.  It  is  certain  that  their  intense  activity  and  the  ease  with 
which  they  can  seek  shelter  in  the  coral  masses  enable  them  to 
defy  their  enemies.  Nature  seems  to  riot  in  bright  colors  where 
her  creatures  are  not  destroyed  by  their  presence. 

Intensity  of  Coloration. — In  general,  coloration  is  most  in- 
tense and  varied  in  certain  families  of  the  tropical  shores,  and 
especially  about  coral  reefs.  But  in  brilliancy  of  individual 
markings  some  fresh-water  fishes  are  scarcely  less  notable, 
especially  the  darters  {Eiheostomvm)  and  sun  fishes  (Centrar- 
chida)  of  the  streams  of  eastern  North  America.     The  bright 
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hues  of  these  fresh- water  fishes  are,  however,  more  or  less  con- 
cealed in  the  water  by  the  olivaceous  markings  and  dark  blotches 
of  the  upper  parts. 

Coral-reef  Fishes. — ^The  brilliantly  colored  fishes  of  the  trop- 
ical reefs  seem,  as  already  stated,  to  have  no  need  of  pro- 
tective coloration.  They  save  themselves  from  their  enemies 
in  most  cases  by  excessive  alertness  and  activity  (Chcetodon, 
Pomacentrtis),  or  else  by  burying  themselves  in  coral  sand  {Julis 
gaimard),  a  habit  more  frequent  than  has  been  suspected. 
Every  large  mass  of  branching  coral  is  full  of  lurking  fishes, 
some  of  them  often  most  brilliantly  colored. 

Fading  of  Pigments  in  Spirits. — In  the  preservation  of  speci- 
mens most  red  and  blue  pigments  fade  to  whitish,  and  it  requires 
considerable  care  to  interpret  the  traces  which  may  be  left  of 
red  bands  or  blue  markings.  Yet  some  blue  pigments  are  abso- 
lutely permanent,  and  occasionally  blood-red  pigments  persist 
through  all  conditions.  Black  pigment  seldom  changes  in 
spirits,  and  olivaceous  markings  simply  fade  a  little  without 
material  alteration.  It  is  an  important  part  of  the  work  of  the 
systematic  ichthyologist  to  Icam  to  interpret  the  traces  of  the 
faded  pigment  left  on  specimens  he  may  have  occasion  to  ex- 
amine. In  such  cases  it  is  more  important  to  trace  the  mark- 
ings than  to  restore  the  ground  color,  as  the  ground  color  is 
at  once  more  variable  with  individuals  and  more  constant  in 
large  groups. 

Variation  in  Pattern. — Occasionally,  however,  a  species  is 
found  in  which,  other  characters  being  constant,  both  ground 
color  and  markings  are  subject  to  a  remarkable  range  of  varia- 
tion. In  such  cases  the  actual  unity  of  the  species  is  open  to 
serious  question.  The  most  remarkable  case  of  such  variation 
knowTi  is  found  in  a  West  Indian  fish,  the  vaca,  which  bears 
the  incongruous  name  of  Hypoplcctrns  tmicolor.  In  the  typical 
vaca  the  body  is  orange  with  black  marks  and  blue  lines,  the 
fins  checkered  with  orange  and  blue.  In  a  second  form  the 
body  is  violet,  barred  with  black,  the  head  with  blue  spots  and 
bands.  In  another  form  the  blue  on  the  head  is  wanting.  In 
still  another  the  body  is  yellow  and  black,  with  blue  on  the 
head  only.  In  others  the  fins  are  plain  orange,  without  checks, 
and  the  body  yellow,  with  or  without  blue  stripes  and  spots,  and 
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sometimes  with  spots  of  black  or  violet.  In  still  others  the  body 
may  be  pink  or  brown,  or  violet-black,  the  fins  all  yellow,  part 
black  or  all  black.  Finally,  there  are  forms  deep  indigo-blue  in 
color  everywhere,  with  cross  bands  of  indigo-black,  and  these 
again  may  have  bars  of  deeper  blue  on  the  head  or  may  lack 
these  altogether.  I  find  no  difference  among  these  fishes  ex* 
cept  in  color,  and  no  way  of  accounting  for  the  differences  in 
this  regard. 

Certain  species  of  puffer  (Tetraodon  setosus,  of  Panama,  and 
Tetraodan  nigropunctatus,  of  Pol)mesia;  show  similar  remaik- 
able  variations,  being  dark  gray  with  white  spots,  but  varying 
to  indigo-blue,  lemon-yellow,  or  scMnetimes  having  coarse  blotches 
of  either.  Lemon-yellow  varieties  of  several  species  are  known, 
and  these  may  be  due  to  a  failxire  of  pigment,  a  sort  of  semi- 
albinism.  True  albinos,  indiWduals  wholly  without  pigment,  are 
rare  among  fishes.  In  scmie  cases  the  markings,  commonly 
black,  will  be  replaced  by  a  deep  crimson  which  does  not  fade 
in  alcohoL  This  change  happens  most  frequently  among  the 
Scorpamid^.  An  example  of  this  is  shown  on  colored  plate 
facing  page  644.  The  Japanese  okose  or  poison-fish  (Inimiciis) 
is  black  and  gray  about  la\-a-rock5.  In  deeper  water  among 
red  algae  it  is  bright  crimson,  the  color  not  fading  in  spirits,  the 
markings  remaining  the  same.  In  still  deeper  i^-ater  it  is  lemon- 
yellow. 


CHAPTER  VII 
THE  GEOGRAPHICAL  DISTRIBUTION  OF  FISHES 


OOGEOGRAPHY.— Under  the  head  of  distribution  we 
consider  the  facts  of  the  actual  location  of  species 
of  organisms  on  the  surface  of  the  earth  and  the 
laws  by  which  their  location  is  governed.  This  constitutes 
the  subject-matter  of  the  science  of  zoogeography.  In  physical 
geography  we  may  prepare  maps  of  the  earth  or  of  any  part  of 
it,  these  bringing  to  prominence  the  physical  features  of  its 
surface.  Such  maps  show  here  a  sea,  there  a  plateau,  here  a 
mountain  chain,  there  a  desert,  a  prairie,  a  peninsula,  or  an 
island.  In  political  geography  the  maps  show  their  physical 
features  of  the  earth  as  related  to  the  people  who  inhabit 
them  and  the  states  or  powers  which  receive  or  claim  their 
allegiance.  In  zoogeography  the  realms  of  the  earth  are  con- 
sidered in  relation  to  the  species  or  tribes  of  animals  which 
inhabit  them.  Thus  series  of  maps  could  be  drawn  representing 
those  parts  of  North  America  in  which  catfishes  or  trout  or 
sunfishes  are  found  in  the  streams.  In  like  manner  the  distri- 
bution of  any  particular  fish  as  the  muskallonge  or  the  yellow 
perch  could  be  shown  on  the  map.  The  details  of  such  a  map 
are  very  instructive,  and  their  consideration  at  once  raises  a 
series  of  questions  as  to  the  cause  behind  each  fact.  In  science 
it  must  be  supfjosed  that  no  fact  is  arbitrary  or  meaningless. 
In  the  case  of  fishes  the  details  of  the  method  of  diffusion  of 
species  afford  matters  of  deep  interest.  These  are  considered 
in  a  subsequent  chapter. 

The  dispersion  of  animals  may  be  described  as  a  matter  of 
space  and  time,  the  movement  being  continuous  but  modified 
by  barriers  and  other  codnitions  of  environment.  The  ten- 
dency of  recent  studies  in  zoogeography  has  been  to  consider 
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the  facts  of  present  distribution  as  the  result  of  conditions  in 
the  past,  thus  correlating  our  present  knowledge  with  the  past 
relations  of  land  and  water  as  shown  through  paleontology. 
Dr.  A.  E.  Ortmann  well  observes  that  "Any  division  of  the 
earth's  surface  into  zoogeographical  regions  which  starts 
exclusively  from  the  present  distribution  of  animals  without 
considering  its  origin  mtist  always  be  unsatisfactory/'  We 
must  therefore  consider  the  coast-lines  and  barriers  of  Tertiary 
and  earlier  times  as  well  as  those  of  to-day  to  understand  the 
present  distribution  of  fishes. 

General  Laws  of  Distiilmtkm. — The  general  laws  governing 
the  distribution  of  all  animals  are  reducible  to  three  very  simple 
propositions. 

Each  species  of  animal  is  found  in  every  part  of  the  earth 
having  conditions  suitable  for  its  maintenance,  unless 

(a)  Its  individuals  have  been  tmable  to  reach  this  region 
throt^h  barriers  of  some  sort;   or, 

(6)  Having  reached  it,  the  species  is  imabfcr  to  maintain 
itself,  through  lack  of  capacity  for  adaptation,  thr^jrugh  severity 
ot  competition  with  other  forms,  or  through  destructive  condi- 
tioos  of  environment ;  or  else, 

(c)  Having  entered  and  maintained  itself,  it  has  become  so 
altered  in  the  process  0^  adaptation  as  to  become  a  species  dis- 
tinct from  the  original  type. 

Specks  Absent  tliroi^  Bairieis. — The  absence  fiTKn  the  Jap- 

anese  fauna  of  most  Etiropean  or  American  species  comes  un^^kr 

the  first  head-     The  pike  has  never  reached  the  Japanese  lakes, 

thrx^ii  the  shade  of  the-Iottis  leaf  in  the  many  clear  ^/nrH 
wooLi  sort  its  habits  e-xacthr.     The  gr:int*  and   fy^yrjfie^f  of 

oar  West  Indian  waters  have  failed  to  cross  the  ocean  and  therfc- 

f<ure  have  n/j  descendants  in  Etitrope  or  A?ra. 

Specks   Absent   tliroi^    Faflnre  to   Wamtain    Fof^lhoU.  —  fjfi 

species  tmrfer  (b),.  those  icrho-  have  cipossed  the  seas  anrf  not  focmr! 
loif^gemnit^  wt  have,  in  the  natore  ot  thmg^.  zur^-  vftfifsTfL  Of  the 
frTTStterrce  €»€  BntsEtitBKies  o€  estravs  we  have  aL^tm/fant  evyiftr./:e.. 
In  the  Gtslf  Stream  <oG  Cacie  Corf  are  e^'crv  vear  tafcn  mar.v 
potmg  fishes  btclotigrnjf  to  species  at  borne  in  zh^  Eaharr.a.^  anri 
wfekh  Sod  no  pemTametrt  place  rn  tiy-  3iew  Er.^n'1  l^sr^.     In 
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like  fashion,  young  fishes  from  the  tropics  drift  northward  in  the 
Kuro  Shiwo  to  the  coasts  01  Japan,  but  never  finding  a  per- 
manent breeding-place  and  never  joining  the  ranks  of  the  Japa- 
nese fishes.  But  to  this  there  have  been,  and  will  be,  occasional 
exceptions.  Now  and  then  one  among  thousands  finds  per- 
manent lodgement,  and  by  such  means  a  species  from  another 
region  will  be  added  to  the  faima.  The  rest  disappear  and 
leave  no  trace.  A  knowledge  of  these  currents  and  their  in- 
fluence is  eventual  to  any  detailed  study  of  the  dispersion  of 
fishes. 

The  occurrence  of  the  young  of  many  shore  fishes  of  the 
Hawaiian  Islands  as  drifting  plankton  at  a  considerable  distance 
from  the  shores  has  been  lately  discovered  by  Dr.  Gilbert. 
Each  island  is,  in  a  sense,  a  **  sphere  of  influence,"  affecting 
the  fauna  of  neighboring  regions. 

Species  Changed  through  Natural  Selection. — In  the  third  class, 
that  of  species  changed  in  the  process  of  adaptation,  most 
insular  forms  belong.  As  a  matter  of  fact,  at  some  time  or 
another  almost  every  species  must  be  in  this  category,  for  isola- 
tion is  a  source  of  the  most  potent  elements  in  the  initiation 
and  intensification  of  the  minor  differences  which  separate  re- 
lated species.  It  is  not  the  preservation  of  the  most  useful 
features,  but  of  those  which  actually  existed  in  the  ancestral 
individuals,  which  distinguish  such  species.  Natural  selection 
must  include  not  only  the  process  of  the  survival  of  the  fittest, 
but  also  the  restdts  of  the  stir\ival  of  the  existing.  This  means 
the  preser\'ation  through  heredity  of  the  traits  not  of  the  species 
alone,  but  those  of  the  actual  individuals  set  apart  to  be  the 
first  in  the  line  of  descent  in  a  new  environment.  In  hosts  of 
cases  the  persistence  of  characters  rests  not  on  any  special  use- 
fulness or  fitness,  but  on  the  fact  that  individuals  possessing 
these  characters  have,  at  one  time  or  another,  invaded  a  cer- 
tain area  and  poptdated  it.  The  principle  of  utiUty  explains 
survivals  among  competing  structures.  It  rarely  accotints  for 
qualities  associated  with  geographical  distribution. 

Extinction  of  Species.  —  The  extinction  of  species  may  be 
noted  here  in  connection  with  their  extension  of  range.  Prof. 
Herbert  Osbom  has  recognized  five  different  types  of  elimina- 
tion. 
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I.  That  extinction  which  comes  from  modification  or  pro- 
gressive evolution,  a  relegation  to  the  past  as  the  result  of  a 
transmutation  into  more  advanced  forms.  2.  Extinction  from 
changes  of  physical  environment  which  outrun  the  powers  of 
adaptation.  3.  The  extinction  which  results  from  competition. 
4.  The  extinction  from  extreme  specialization  and  limitation 
to  special  conditions  the  loss  of  which  means  extinction.  5. 
Extinction  as  a  result  of  exhaustion.  As  an  illustration  of  No.  i, 
we  may  take  almost  any  species  which  has  a  cognate  species  on 
the  further  side  of  some  barrier  or  in  the  tertiary  seas.  Thus 
the  trout  of  the  Twin  Lakes  in"  Colorado  has  acquired  its  present 
characters  in  the  place  of  those  brought  into  the  lake  by  its  actual 
ancestors.  No.  2  is  illustrated  by  the  disappearance  of  East 
Indian  types  (Zanclus,  Platax,  Toxotes,  etc.)  in  Italy  at  the  end  of 
the  Eocene,  perhaps  for  climatic  reasons.  Extinction  through 
competition  is  shown  in  the  gradual  disappearance  of  the  Sacra- 
mento perch  {Archoplitis  interruptus)  after  the  invasion  of  the 
river  by  catfish  and  carp.  From  extreme  specializaion  certain 
forms  have  doubtless  disappeared,  but  no  certain  case  of  this 
kind  has  been  pointed  out  among  fishes,  unless  this  be  the 
cause  of  the  disappearance  of  the  Devonian  mailed  Ostracophores 
and  Arthrodires,  It  is  not  likely  that  any  group  of  fishes 
has  perished  through  exhaustion  of  the  stock  of  vigor. 

Barriers  Checking  Movement  of  Marine  Fishes. — The  limits 
of  the  distribution  of  individual  species  or  genera  must  be 
found  in  some  sort  of  barrier,  past  or  present.  The  chief  bar- 
riers which  limit  marine  fishes  are  the  presence  of  land,  the 
presence  of  great  oceans,  the  difi^erenccs  of  temperature  arising 
from  differences  in  latitude,  the  nature  of  the  sea  bottom,  and 
the  direction  of  oceanic  currents.  That  which  is  a  barrier  to 
one  species  may  be  an  agent  in  distribution  to  another.  The 
common  shore  fishes  would  perish  in  deep  waters  almost  as  surely 
as  on  land,  while  the  open  Pacific  is  a  broad  highway  to  the 
albacore  or  the  swordfish. 

Again,  that  which  is  a  barrier  to  rapid  distribution  may  be- 
come an  agent  in  the  slow  extension  of  the  range  of  a  species. 
The  great  continent  of  Asia  is  undoubtedly  one  of  the  greatest 
of  barriers  to  the  wide  movement  of  species  of  fish,  yet  its  long 
shore-line  enables  species  to  creep,  as  it  were,  from  bay  to  bay. 
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or  froe:  rod  to  mck.  tiH.  s:  zz:airy  ca»s.  the  sane  ^lecies  is 
frK=rd  in  the  Red  Sea  sod  ~  the  nJe-poocs  or  sasd-ceacbes  c€ 
J^pazi.  la  the  Xcrrh  Paci5c.  tbe  pLcstJce  "X  a  :a=ge  o[  fcalf- 
saixrer^i  Tis^caaoes.  iccTm  as  ihe  AfenJan  aad  the  Karile 
Tc's-.-'g  has  greaihr  a>ie-d  tb?  Ctw  =icrt«-ecn  rf  ibe  Sshes  of 
ibe  t33e-j»»j£  asi  the  keZ-p.  To  a  scb^ci  gc  ~ji:kg:gl  or  of 
°^  -T'g-^'Tf-g  r^ipg'  ;ut^L  sCasls  ■wrth  their  ^arrcw  ^asseSs 
T"^'  :cr=:  an  bssperabje  barrier. 

TcBventBR  the  CcBlnl    Fact  m  Dbtritaooi. — It   has    Z-rcg 
bee:  Tecc^.'-rt-l  that  tbe  tnatter  ;f  tenperst^:*  s  tbe  CKnral 

elTT  crciss  tbe  frust-zne.  asi 


3c^  Tr^rv  extes-  taer  rarige  tar  =n.>  waters 
cc«der  thai:  th:«e  in  wtach  tbe  species  is  iistinrtivelr  a:  hrcie- 
Kacw^g  the  a-rarage  te=rperaf=rt  ix  tbe  water  =  a  ^t^  regiic 

It  is  tbe  KssJaiitT  i=  lerrperstsrt  aai  rhvsral  c:si;ti:-zis 
wiich  chirfv  eipfecss  tbe  rese:zr;a3se  ::"  tbe  ' 
to  that  r£  the  ile&terrsrxz^  or  the  ArrrfTiPs 
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must  explain  the  resemblance  of  the  Arctic  and  Antarctic 
faunae,  there  being  in  no  case  a  barrier  in  the  sea  that  may  not 
some  time  be  crossed.     Like  forms  lodge  in  like  places. 

Agency  of  Ocean  Currents. — ^We  may  consider  again  for  a 
moment  the  movements  of  the  great  ctirrents  in  the  Pacific  as 
agencies  in  the  distribution  of  species. 

A  great  current  sets  to  the  eastward,  crossing  the  ocean 
just  south  of  the  equator.  It  extends  past  Samoa  and  passes 
on  nearly  to  the  coast  of  Mexico,  touching  the  Galapagos  Islands, 
Clipperton  Island,  and  especially  the  Revillagigedos.  This 
may  account  for  the  ntmiber  of  Polynesian  species  fotmd  on 
these  islands,  about  which  they  are  freely  mixed  with  immi- 
grants from  the  mainland  of  Mexico. 

From  the  Revillagigedos*  the  current  moves  northward 
and  westward,  passing  the  Hawaiian  Islands  and  thence  onward 
to  the  Ladrones.  The  absence  in  Hawaii  of  most  of  the  charac- 
teristic fishes  of  Polynesia  and  Micronesia  may  be  in  part  due 
to  the  long  detour  made  by  these  currents,  as  the  conditions 
of  life  in  these  groups  of  islands  are  not  very  different.  North- 
east of  Hawaii  is  a  great  spiral  current,  moving  with  the  hands 
of  the  watch,  forming  what  is  called  Fleurieu's  Whirlpool. 
This  does  not  reach  the  coast  of  California.  This  fact  may 
help  to  account  for  the  almost  complete  distinction  in  the  shore 
fishes  of  Hawaii  and  Calif ornia.t 

No  other  group  of  islands  in  the  tropics  has  a  fish  faima 
so  isolated  as  that  of  Hawaii.  The  genera  are  largely  the 
ordinary  tropical  types.  The  species  are  largely  peculiar  to 
these  islands. 

The  westward  current  from  Hawaii  reaches  Luzon  and  For- 
mosa. It  is  deflected  to  the  northward  and,  joining  a  north- 
ward current  from  Celebes,  it  forms  the  Kuro  Shiwo  or  Black 
Stream  of  Japan,  which  strews  its  tropical  species  in  the  rock 
pools  along  the  Japanese  promontories  as  far  as  Tokio.  Then, 
turning  into  the  open  sea,  it  passes  northward  to  the  Aleutian 
Islands,  across  to  Sitka.     Thence  it  moves  southward  as  a  cold 

♦  Clarion  Island  and  Socorro  Island. 

t  A  few  Mexican  shore  fishes,  Chcetodon  hiimcralis,  Galcichthys  dasycephalus, 
Hypsoblennius  parvipinnis,  have  been  wrongly  accredited  to  Hawaii  by  some 
misplacement  of  labels. 
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the  greatest  range  or  variety  of  species.  Those  regions  where 
the  greatest  number  of  genera  are  thus  autochthonous  may  be 
regarded  as  centers  of  distribution.  So  far  as  the  marine  fishes 
are  concerned,  the  most  important  of  these  supposed  centers  are 
found  in  the  Pacific  Ocean.  First  of  these  in  importance  is  the 
East-Indian  Archipelago,  with  the  neighboring  shores  of  India. 
Next  would  come  the  Arctic  Pacific  and  its  bounding  islands, 
from  Japan  to  British  Columbia.  Third  in  importance  in  this 
regard  is  Australia.  Important  centers  are  found  in  temperate 
Japan,  in  California,  the  Panama  region,  and  in  New  Zealand, 
Chili,  and  Patagonia.  The  fauna  of  Polynesia  is  almost  entirely 
derived  from  the  Indies;  and  the  shore  fauna  of  the  Red  Sea, 
the  Bay  of  Bengal,  and  Madagascar,  so  far  as  genera  are  con- 
cerned seems  to  be  not  reallv  separable  from  the  Indian  fauna 
generally 

I  know  of  but  six.  genera  which  may  be  regarded  as  autoch- 
thonous in  the  Red  Sea  and  neirl>  all  of  these  are  o  doubtful 


Fio.  71.— Globe-fish,  Tdraodon  t. 


I  SniiUi.      Clarion  Island,  Mexico. 


value  or  of  uncertain  relation.  The  many  peculiar  genera  de- 
scribed by  Dr.  Alcock,  from  the  dredgings  of  the  Investigator 
in  the  Bay  of  Bengal,  belong  to  the  bathybial  or  deep-water 
series,  and  will  all,  doubtless,  prove  to  be  forms  of  wide  dis- 
tribution. 

In  the  Atlantic,  the  chief  center  of  distribution  is  the  West 
Indies;  the  second  is  the  Mediterranean.  On  the  shores  to  the 
northward  or  southward  of  these  regions  occasional  genera  have 
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found  their  origin.  This  is  true  especially  of  the  New  England 
region,  the  North  Sea,  the  Gtilf  of  Guinea,  and  the  coast  of 
Argentina.  The  fish  fauna  of  the  North  Atlantic  is  derived 
mainly  from  the  North  Pacific,  the  differences  lying  mainly 
in  the  relative  paucity  of  the  North  Atlantic.  But  in  certain 
groups  common  to  the  two  regions  the  migration  mtist  have 
been  in  the  opposite  direction,  exceptions  that  prove  the  rule. 

Distribution  of  Marine  Fishes. — The  distribution  of  marine 
fishes  must  be  indicated  in  a  different  way  from  that  of  the 
fresh-water  forms.  The  barriers  which  limit  their  range  fur- 
nish also  their  means  of  dispersion.  In  some  cases  proximity 
overbalances  the  influence  of  temperature;  with  most  forms 
questions  of  temperature  are  all-important. 

Pelagic  Fishes. — Before  consideration  of  the  coast-lines  we 
may  glance  at  the  differences  in  vertical  distribution.  Many 
species,  especially  those  in  groups  allied  to  the  mackerel  family, 
are  pelagic — that  is,  inhabiting  the  open  sea  and  ranging 
widely  within  limits  of  temperature.  In  this  series  some  species 
are  practically  cosmopolitan.  In  other  cases  the  genera  are 
so.  Each  school  or  group  of  individuals  has  its  breeding  place, 
and  from  the  isolation  of  breeding  districts  new  species  may  be 
conceived  to  arise.  The  pelagic  types  have  reached  a  species 
of  equilibritun  in  distribution.  Each  type  may  be  found  where 
suitable  conditions  exist,  and  the  distribution  of  species  throws 
little  light  on  questions  of  distribution  of  shore  fishes.  Yet 
among  these  species  are  all  degrees  of  localization.  The  pelagic 
fishes  shade  into  the  shore  fishes  on  the  one  hand  and  into  the 
deep-sea  fishes  on  the  other. 

Bassalian  Fishes. — The  vast  group  of  bassalian  or  deep-sea 
fishes  includes  those  forms  which  live  below  the  line  of  ade- 
quate light.  These  too  are  localized  in  their  distribution,  and 
to  a  much  greater  extent  than  was  formerly  supposed.  Yet  as 
they  dwell  below  the  influence  of  the  sun*s  rays,  zones  and 
surface  temperatures  are  nearly  alike  to  them,  and  the  same 
forms  may  be  fotmd  in  the  Arctic  or  under  the  equator.  Their 
differences  in  distribution  are  largely  vertical,  some  living  at 
greater  depths  than  others,  and  they  shade  off  by  degrees  from 
bathybial  into  semi-bathybial,  and  finally  into  ordinary  pelagic 
and  ordinary  shore  types.     Apparently  all  of  the  bassalian  fishes 
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are  derived  from  littoral  types,  the  changes  in  structure  being 
due  to  degeneration  of  the  osseous  and  muscular  systems  and 
of  structures  not  needed  in  deep-sea  life. 

The  fishes  of  the  great  depths  are  soft  in  substance,  some  of 
them  blind,  some  of  them  with  very  large  eyes,  all  black  in 
color,  and  very  many  are  provided  with  luminous  spots  or  areas. 
A  large  body  of  species  of  fishes  are  semi-bathybial,  inhabiting 
depths  of  20  to  100  fathoms,  showing  many  of  the  characters 
of  shore  fishes,  but  far  more  widely  distributed.  Many  of  the 
remarkable  cases  of  wide  distribution  of  type  belong  to  this 
class.  In  moderate  depths  red  colors  are  very  common,  cor- 
responding to  the  zone  of  red  algae,  and  the  colors  in  both 


hiG    "iZ  — bting  rav    Daiynhs  sahxna  he  Supiir.     Galveston. 

cases  are  perhaps  determined  from  the  fact  that  the  red  rays 
of  light  are  the  least  refrangible. 

A  certain  numl>or  of  species  are  both  marine  and  fresh  water, 
inhabiting  estuaries  and  bnickish  waters,  while  some  more 
strictly  marine  ascend  the  rivers  to  spawn.  In  none  of  these 
cases  can  any  hard  and  fast  lino  be  drawn,  and  some  groups 
wliich  arc  shoa'  fishes  in  one  region  will  be  represented  by  semi- 
bathybial  or  fluviatile  forms  in  another.* 

•  The  (Ira^'incts  (CtiUi.'nymiii)  n:c  shore  fishes  of  the  shallowMt  waters  in 
Europe  and  Asin.  hut  inlwhit  consiilerablo  depths  in  tropical  America.  The 
seiirobins  (Pf/.'iii>/i(s)  arc  shore  fishes  in  i[itssachusctts,  semi-bathybial  fishes 
at  Panama,  Often  Arctic  shore  fishes  become  scmi-balhybial  in  the  Temper- 
ate Zone,  living  in  water  of  a  givni  temperature.  A  long  period  of  cold 
weather  will  sometimes  brini;  such  to  the  surface. 
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Littoral  Fishes. — The  shore  fishes  are  in  general  the  most 
highly  specialized  in  their  respective  groups,  because  exposed 
to  the  greatest  variety  of  selecting  conditions  and  of  competi- 
tion. Their  distribution  in  space  is  more  definite  than  that  of. 
the  pelagic  and  bassalian  tv-pes,  and  they  may  be  more  defi- 
nitely assigned  to  geographical  areas. 

Distribution  of  Littoral  Fishes  by  Coast-lines.  —  Their  distri- 
bution is  best  indicated,  not  by  realms  or  areas,  but  as  form- 
ing four  parallel  series  corresponding  to  the  four  great  north 
and  south  continental  outlines.  Each  of  these  series  may  be 
reiJresented  as  beginning  at  the  north  in  the  Arctic  fauna, 
practically  identical  in  each  of  the  four  series,  actually  identical 
in  the  two  Pacific  series.  Passing  southward,  forms  are  arranged 
according  to  temperature.  One  by  one  in  each  series,  the 
Arctic  types  disappear;  subarctic,  temperate,  and  semi-trop- 
ical tJT^s  take  their  places,  giving  way  in  turn  to  south-tem- 
perate and  Antarctic  forms.  The  distribution  of  these  is  modi- 
fied by  barriers  and  by  currents,  yet  though  genera  and  species 
may  be  different,  each  isotherm  is  represented  in  each  series  by 
certain  general  types  of  fishes. 


Fi<3.  78. — Green^dded  Darter,  DipUtion  Urnnundu  RafioesquF.     Clinch  River. 
Family  Prrcida, 

Passing  southward  the  two  American  series,  the  East  At- 
lantic and  the  East  Pacific,  pass  on  gradually  through  temperate 
to  Antarctic  types.  These  are  analogous  to  those  of  the  Arctic, 
and  in  a  few  cases  they  are  generally  identical.  The  West 
Pacific  (East  Asian)  series  is  not  a  continuous  line  on  account 
of  the  presence  of  Australia,  the  East  Indies,  and  Polynesia. 
The  irregularities  of  these  regions  make  a  number  of  subseries, 
which  break  up  the  simplicity  expressed  in  the  idea  of  four 
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parallel  series.  Yet  the  fauna  of  Polynesia  is  strictly  East 
Indian,  modified  by  the  omission  or  alteration  of  species,  and 
that  of  Australia  is  Indian  at  the  north,  and  changes  to  the 
southward  much  as  that  of  Africa  does.  In  its  marine  fishes, 
it  does  not  constitute  a  distinct  **  realm."  Thts  East  Atlantic 
(Europe-African)  series  follows  the  same  general  lines  of  chai^ie 
as  that  of  the  West  Atlantic.  It  extends,  however,  only  to  the 
South  Temperate  Zone,  developing  no  Antarctic  elements.  The 
relative  shortness  of  Africa  explains  in  large  degree,  as  already 
shown,  the  similarity  between  the  tropical  elements  in  the  two 
Old- World  series,  as  the  similarity  in  tropical  elements  in  the 
two  American  series  must  be  due  to  a  former  depression  of  the 
connecting  Isthmus.  The  practical  unity  of  the  Arctic  marine 
fauna  needs  no  explanation  in  view  of  the  present  shore  lines 
of  the  Arctic  Ocean. 

Minor  Faunal  Areas. — The  minor  fatmal  areas  of  shore  fishes 
may  be  grouped  as  follows : 


East  Atlantic. 

Icelandic, 

British, 

Mediterranean, 

Guinean, 

Cape. 

West  Atlantic. 

Greenlandic, 

New  England, 

Virginian, 

Austroriparian, 

Floridian, 

Antillacan, 

Caribbean, 

Brazilian, 

Argentinan, 

Patagonian. 


East  Pacific. 

Arctic, 

Aleutian, 

Sitkan, 

Calif  omian, 

San  Diegan, 

Sinaloan, 

Panamanian, 

Peruvian, 

Revillagigedan, 

Galapagan, 

Chilian, 

Patagonian. 


West  Pacific. 

Arctic, 

Aleutian, 

Kurile, 

Hokkaido, 

Nippon, 

Chinese, 

East  Indian, 

Polynesian, 

Hawaiian, 

Indian, 

Arabian, 

Madagascarian, 

Cape, 

North  Australian, 

Tasmanian, 

New  Zealand, 

Antarctic. 


Equatorial  Fishes  Most  Specialized.  —  In  general,  the  dif- 
ferent types  are  most  highly  specialized  in  equatorial  waters. 
The  processes  of  specific  change,  through  natural  selection  or 
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other  causes,  if  other  causes  exist,  take  place  most  rapidly  there 
and  produce  most  far-reaching  modification.  As  elsewhere 
stated,  the  coral  reefs  of  the  tropics  are  the  centers  of  fish-life, 
the  cities  in  fish-economy.  The  fresh  waters,  the  arctic  waters, 
the  deep  sea  and  the  open  sea  represent  forms  of  ichthyic  back- 
woods, regions  where  change  goes  on  more  slowly,  and  in  them 
we  find  survivals  of  archaic  or  generalized  types.  For  this  rea- 
son the  study  in  detail  of  the  distribution  of  marine  fishes  of 
equatorial  regions  is  in  the  highest  degree  instructive. 

Realms  of  Distribution  of  Fresh-water  Fishes. — If  we  consider 
the  fresh-water  fishes  alone  we  may  divide  the  land  areas  of 
the  earth  into  districts  and  zones  not  differing  fundamentally 
with  those  marked  out  for  mammals  and  birds.  The  river 
basin,  bounded  by  its  shores  and  the  sea  at  its  mouth,  shows 
many  resemblances,  from  the  point  of  view  of  a  fish,  to  an 
island  considered  as  the  home  of  an  animal.  It  is  evident  that 
with  fishes  the  differences  in  latitude  outweigh  those  of  con- 
tinental areas,  and  a  primary  di\Tsion  into  Old  World  and  Xew 
World  would  not  be  tenable. 

The  chief  areas  of  distribution  of  fresh-water  fishes  we  may 
indicate  as  follows,  following  essentially  the  grouping  proposed 
by  Dr.  Gunther:* 

Nortliem  Zone. — With  Dr.  Gunther  we  may  recognize  first 
the  Northern  Zone,  characterized  familiarly  by  the  presence  of 
sturgeon,  salmon,  trout,  white-fish,  pike,  lamprey,  stickleback, 
and  other  species  of  which  the  genera  and  often  the  species  are 
identical  in  Europe,  Siberia,  Canada,  Alaska,  and  most  of  the 
United  States,  Japan,  and  China.  This  is  subject  to  cross- 
di\Tsion  into  two  great  districts,  the  first  Europe-Asiatic,  the 
second  Xorth  American.  These  two  agree  ver\'  closely  to  the 
northward,  but  diverge  widely  to  the  southward,  developing  a 
variety  of  specialized  genera  and  species,  and  both  of  them  pass- 
ing finally  by  degrees  into  the  Equatorial  Zone. 

Still  another  line  of  di\'ision  is  made  by  the  Ural  Moimtains 
in  the  Old  World  and  bv  the  Rockv  Mountains  in  the  Xew.  In 
both  cases  the  Eastern  region  is  vastly  richer  in  genera  and 
species,  as  well  as  in  autochthonous  forms,  than  the  Western. 
The  reason  for  this  lies  in  the  vastly  greater  extent  of  the  river 

•  ••  Introduction  to  the  Studv  of  Fishes." 
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basins  of  China  and  the  Eastern  United  States,  as  compared  with 
those  of  Europe  or  the  Califomian  region. 

Minor  divisions  are  those  which  separate  the  Great  Lake 
region  from  the  streams  tributary  to  the  Gulf  of  Mexico;  and 
in  Asia,  those  which  separate  China  from  tributaries  of  the 
Caspian,  the  Black,  and  the  Mediterranean. 

Equatorial  Zone. — ^The  Equatorial  Zone  is  roughly  indicated 
by  the  tropics  of  Cancer  and  Capricorn.  Its  essential  feature 
is  that  of  the  temperature,  and  the  peculiarities  of  its  divisions 
are  caused  by  barriers  of  sea  or  mountains. 

Dr.  Gunther  finds  the  best  line  of  separation  into  two 
divisions  to  lie  in  the  presence  or  absence  of  the  great  group 
of  dace  or  minnows,*  to  which  nearly  half  of  the  species  of  fresh- 
water fishes  the  world  over  belong.  The  entire  group,  now 
spread  everywhere  except  in  the  Arctic,  South  America,  Aus- 
tralia, and  the  islands  of  the  Pacific,  seems  to  have  had  its 
origin  in  India,  from  which  region  its  genera  have  radiated  in 
every  direction. 

The  Cyprinoid  division  of  the  Equatorial  Zone  forms  two 
districts,  the  Indian  and  the  African.  The  Acyprinoid  division 
includes  South  America,  south  of  Mexico,  and  all  the  islands  of 
the  tropical  Pacific  lying  to  the  east  of  Wallace's  line.  This 
line,  separating  Borneo  from  Celebes  and  Bali  from  Lompoe, 
marks  in  the  Pacific  the  western  limit  of  Cyprinoid  fishes,  as 
well  as  that  of  monkeys  and  other  important  groups  of  land 
animals.  This  line,  recognized  as  very  important  in  the  distribu- 
tion of  land  animals,  coincides  in  general  with  the  ocean  current 
between  Celebes  and  Papua,  which  is  one  of  the  sources  of  the 
Kuro  Shi  wo. 

In  Australia,  Hawaii,  and  Polynesia  generally,  the  fresh- 
water fishes  are  derived  from  marine  types  by  modification  of 
one  sort  or  another.  In  no  case,  so  far  as  I  know,  in  any  island 
to  the  eastward  of  Borneo,  is  found  any  species  derived  from 
fresh- water  families  of  either  the  Eastern  or  the  Western  Conti- 
nent. Of  course,  minor  subdivisions  in  these  districts  are  formed 
by  the  contour  lines  of  river  basins.  The  fishes  of  the  Nile  differ 
from  those  of  the  Niger  or  the  Congo,  or  of  the  streams  of  Mada- 

*  Cyprinidae. 
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gascar  or  Cape  Colony,  but  in  all  these  regions  the  essential 
character  of  the  fish  fauna  remains  the  same. 

Southern  Zone. — The  third  great  region,  the  Southern  Zone, 
is  scantily  supplied  with  fresh-water  fishes,  and  the  few  it  pos- 
sesses are  chiefly  derived  from  modifications  of  the  marine 
fauna  or  from  the  Equatorial  Zone  to  the  north.  Three  districts 
are  recognized — Tasmania,  New  Zealand,  and  Patagonia. 


♦/ 


CHAPTER  VIII 


BARRIERS  TO  DISPERSION  OF  RIVER  FISHES 


HPE    Process    of    Natural   Selection.  —  We   can    say,    in 
general,  that  in  all  waters  not  absolutely  uninhabit- 

able  there   are   fishes.      The    processes   of    natural 

selection  have  given  to  each  kind  of  river  or  lake  species  of 
fishes  adapted  to  the  conditions  of  life  which  obtain  there. 
There  is  no  condition  of  water,  of  bottom,  of  depth,  of  speed 
of  current,  but  finds  some  species  with  characters  adjusted 
to  it.  These  adjustments  are.  for  the  most  part,  of  longstand- 
ing; and  the  fauna  of  any  single  stream  has  as  a  rule  been 
produced  by  immigration  from  other  regions  or  from  other 
streams.  Each  species  has  an  ascertainable  range  of  distribu- 
tion, and  within  this  range  we  may  be  reasonably  certain  to 
find  it  in  any  suitable  waters. 


mct-na.  Ihilirhinvf  hirillnluii   Hlcfh,  a  fish  of  the 
.■<)r:il  r,i'f.-i.  K.'v  Wt-A.     Fmnily  LahriAv. 

But  every  species  has  beyond  question  some  sort  of  limit  to 
its  distribution,  some  sort  of  barrier  which  it  has  never  passed 
in  all  the  years  oi  its  existence.  That  this  is  true  becomes 
evident  wlicn  we  comixire  the  fish  fauna  of  widely  separated 
rivers.     Thus  the  Sacramento,  Connecticut.  Rio  Grande,  and 
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St.  John's  Rivers  have  not  a  single  species  in  common;  and 
with  one  or  two  exceptions,  not  a  species  is  common  to  any 
two  of  them.  None  of  these  *  has  any  species  peculiar  to  itself, 
and  each  shares  a  large  part  of  its  fish  fauna  with  the  water- 
basin  next  to  it.  It  is  probably  true  that  the  faunas  of  no  two 
distinct  hydrographic  basins  are  wholly  identical,  while  on 
the  other  hand  there  are  very  few  species  confined  to  a  single 
one.  The  supposed  cases  of  this  character,  some  twenty  in 
number,  occur  chiefly  in  the  streams  of  the  South  Atlantic 
States  and  of  Arizona.  All  of  these  need,  however,  the  con- 
firmation of  further  exploration.  It  is  certain  that  in  no  case 
has  an  entire  river  faunaf  originated  independently  from  the 
divergence  into  separate  species  of  the  descendants  of  a  single 
type. 

The  existence  of  boimdaries  to  the  range  of  species  implies, 
therefore,  the  existence  of  barriers  to  their  diffusion.  We  may 
now  consider  these  barriers  and  in  the  same  connection  the 
degree  to  which  they  may  be  overcome. 

Local  Barriers. — Least  important  to  these  are  the  barriers 
which  may  exist  within  the  limits  of  any  single  basin,  and 
which  tend  to  prevent  a  free  diffusion  through  its  waters  of 
species  inhabiting  any  portion  of  it.  In  streams  flowing  south- 
ward, or  across  different  parallels  of  latitude,  the  difference  in 
climate  becomes  a  matter  of  importance.  The  distribution  of 
species  is  governed  very  largely  by  the  temperature  of  the  water. 
Each  species  has  its  range  in  this  respect, — ^the  free-swimming 
fishes,  notably  the  trout,  being  most  affected  by  it ;  the  mud- 
loving  or  bottom  fishes,  like  the  catfishes,  least.  The  latter  can 
reach  the  cool  bottoms  in  hot  weather,  or  the  warm  bottoms  in 
cold  weather,  thus  keeping  their  own  temperature  more  even  than 
that  of  the  siirface  of  the  water.  Although  water  commimica- 
tion  is  perfectly  free  for  most  of  the  length  of  the  Mississippi, 
there  is  a  material  difference  between  the  faunae  of  the  stream 
in  Minnesota  and  in  Louisiana.  This  difference  is  caused  chiefly 
by  the  difference  in  temperature  occupying  the  difference  in 
latitude.     That   a   similar   difference   in   longitude,    with   free 

♦  Except  possibly  the  Sacramento. 

t  Unless  the  fauna  of  certain  cave  streams  in  the  United  States  and  Cuba 
be  regarded  as  forming  an  exception. 
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water  communication,  has  no  appreciable  importance,  is  shown 
by  the  almost  absolute  identity  of  the  fish  faunas  of  Lake  Winne- 
bago and  Lake  Champlain.  While  many  large  fishes  range 
freely  up  and  down  the  Mississippi,  a  majority  of  the  species 
do  not  do  so,  and  the  fauna  of  the  upper  Mississippi  has  more 
in  common  with  that  of  the  tributaries  of  Lake  Michigan  than 
it  has  with  that  of  the  Red  River  or  the  Arkansas.  The  in- 
fluence of  climate  is  again  shown  in  the  paucity  of  the  fauna 
of  the  cold  waters  of  Lake  Superior,  as  compared  with  that 
of  Lake  Michigan.  The  majority  of  our  species  cannot  endure 
the  cold.  In  genera!,  therefore,  cold  or  Northern  waters  con- 
tain fewer  species  than  Southern  waters  do,  though  the  num- 
ber of  individuals  of  any  one  kind  may  be  greater.  This  is 
shown  in  all  waters,  fresh  or  salt.  The  fisheries  of  the  Northern 
seas  are  more  extensive  than  those  of  the  tropics.  There  are 
more  fishes  there,  but  they  are  far  less  varied  in  kind.  The 
writer  once  caught   seventy-five  species  of  fishes  in  a  single 


Coodo   a   d   Bern      ft   dwp-ivd   colored   fiah   of 
tl  e  dcptl  1     f  tl  p  Gulf  btrea  n 

haul  of  the  seine  at  Key  AVest,  while  on  Cape  Cod  he  obtained 
with  the  same  net  but  forty-fu'c  s]3ectes  in  the  course  of  a  week's 
work.  Tlius  it  comes  that  the  angler,  contented  with  many 
fishes  of  few  kinds,  goes  to  Northern  streams  to  fish,  while  the 
naturalist  goes  to  the  South. 

But  in  most  streams  the  difference  in  latitude  is  insignificant, 
and  the  chief  differences  in  temperature  come  from  differences 
in  elevation,  or  from  the  distance  of  the  waters  from  the  colder 
source.  Often  the  lowland  waters  are  so  different  in  character 
as  to  produce  a  marked  change  in  the  quality  of  their  fauna. 
These  lowland  waters  may  form  a  barrier  to  the  free  movements 
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of  upland  fishes;  but  that  this  barrier  is  not  impassable  is 
shown  by  the  identity  of  the  fishes  in  the  streams  *  of  the  uplands 
of  middle  Tennessee  with  those  of  the  Holston  and  French 
Broad.  Again,  streams  of  the  Ozark  Mountains,  similar  in 
character  to  the  rivers  of  East  Tennessee,  have  an  essentially 
similar  fish  fauna,  although  between  the  Ozarks  and  the  Ctmi- 
berland  range  lies  an  area  of  lowland  bayous,  into  which  such 
fishes  are  never  known  to  penetrate.  We  can,  however,  imag- 
ine that  these  upland  fishes  may  be  sometimes  swept  down 
from  one  side  or  the  other  into  the  Mississippi,  from  which 
they  might  ascend  on  the  other  side.  But  such  transfers  cer- 
tainly do  not  often  happen.  This  is  apparent  from  the  fact 
that  the  two  faunas  f  are  not  quite  identical,  and  in  some  cases 
the  same  species  are  represented  by  perceptibly  different  varie- 
ties on  one  side  and  the  other.  The  time  of  the  commingling  of 
these  faunae  is  perhaps  now  past,  and  it  may  have  occxirred 
only  when  the  climate  of  the  intervening  regions  was  colder 
than  at  present. 

The  effect  of  waterfalls  and  cascades  as  a  barrier  to  the  dif- 
fusion of  most  species  is  self-evident;  but  the  importance  of 
such  obstacles  is  less,  in  the  course  of  time,  than  might  be  ex- 
pected. In  one  way  or  another  very  many  species  have  passed 
these  barriers.  The  falls  of  the  Cumberland  limit  the  range  of 
most  of  the  larger  fishes  of  the  river,  but  the  streams  above  it 
have  their  quota  of  darters  and  minnows.  It  is  evident  that 
the  past  history  of  the  stream  must  enter  as  a  factor  into  this 
discussion,  but  this  past  history  it  is  not  always  possible  to 
trace.  Dams  or  artificial  waterfalls  now  check  the  free  move- 
ment of  many  species,  especially  those  of  migratory  habits; 
while  conversely,  numerous  other  specie§  have  extended  their 
range  through  the  agency  of  canals,  t 

*  For  example,  Elk  River,  Duck  River,  etc. 

t  There  are  three  species  of  darters  (Cottogaster  copelandi  Jordan,  Hadrop- 
ierus  evides  Jordan  and  Copeland,  Hadropterus  scierus  Swain)  which  are  now 
known  only  from  the  Ozark  region  or  beyond  and  from  the  uplands  of  Indiana, 
not  yet  having  been  found  at  any  point  between  Indiana  and  Missouri.  These 
constitute  perhaps  isolated  colonies,  now  separated  from  the  parent  stock 
in  Arkansas  by  the  prairie  districts  of  Illinois,  a  region  at  present  iminhabitable 
for  these  fishes.  But  the  non-occurrence  of  these  species  over  the  intervening 
areas  needs  confirmation,  as  do  most  similar  cases  of  anomalous  distribution. 

X  Thus,  Dorosoma  cepedianum  Le  Sueur  and  Potnolobus  chry^-^chloris  Rafi- 
xiesque  have  found  their  way  into  Lake  Michigan  through  canals. 
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Every  year  fishes  are  swept  down  the  rivers  by  the  winter's 
floods;  and  in  the  spring,  as  the  spawning  season  approaches, 
almost  every  species  is  found  working  its  way  up  the  stream. 
In  some  cases,  notably  the  Quinnat  salmon  *  and  the  blueback 
salmon,  t  the  length  of  these  migrations  is  surprisingly  great. 
To  some  species  rapids  and  shallows  have  proved  a  sufficient 
barrier,  and  other  kinds  have  been  kept  back  by  unfavorable 
conditions  of  various  sorts.  Streams  whose  waters  are  always 
charged  with  silt  or  sediment,  as  the  Missouri,  Arkansas,  or 
Brazos,  do  not  invite  fishes;  and  even  the  occasional  floods  of 
red  mud  such  as  disfigure  otherwise  clear  streams,  like  the  Red 
River  or  the  Colorado  (of  Texas),  are  imfavorable.  Extremely 
unfavorable  also  is  the  condition  which  obtains  in  many  rivers 
of  the  Southwest,  as,  for  example,  the  Red  River,  the  Sabine, 
and  the  Trinity,  which  are  full  from  bank  to  bank  in  winter 
and  spring,  and  which  dwindle  to  mere  rivulets  in  the  autumn 
droughts. 

Favorable  Waters  have  Most  Species. — In  general,  those  streams 
which  have  conditions  most  favc)ral)le  to  fish  life  will  be  found 
to  contain  the  greatest  number  of  species.  Such  streams  invite 
immigration;  and  in  them  the  struggle  for  existence  is  indi- 
vidual against  individual,  species  against  species,  and  not  a 
mere  struggle  with  hard  conditions  of  life.  Some  of  the  condi- 
tions most  favorable  to  the  existence  in  any  stream  of  a  large 
number  of  species  of  fishes  are  the  following,  the  most  important 
of  which  is  the  one  mentioned  first:  Connection  with  a  large 
hydrographic  basin;  a  warm  climate;  clear  water;  a  moderate 
current;  a  Vjottom  of  gravel  (preferably  covered  by  a  growth 
of  weeds) ;  little  fluctuation  during  the  year  in  the  volume  of 
the  stream  or  in  the  character  of  the  water. 

Limestone  streams  usually  yield  more  species  than  streams 
flowing  over  sandstone,  and  either  more  than  the  streams  of 
regions  having  metamoi"phic  rocks.  Sandy  bottoms  usually  are 
not  favorable  to  fishes.  In  general,  glacial  drift  makes  a  suit- 
able river  Vjottom,  but  the  higher  temperature  usual  in  regions 
beyond  the  limits  of  the  drift  gives  to  certain  Southern  streams 
conditions   still  more  favorable.     These  conditions  are  all  well 

*  OttcorhvMchus  tschawyisclia  Walbaum. 
t  Oncorhynchiis  nerka  Walbaum. 
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realized  in  the  Washita  River  in  Arkansas,  and  in  various  trib- 
utaries of  the  Tennessee,  Cumberland,  and  Ohio;  and  in  these, 
among  American  streams,  the  greatest  number  of  species  has 
been  recorded. 

The  isolation  and  the  low  temperature  of  the  rivers  of  New 
England  have  given  to  them  a  very  scanty  fish  fauna  as  com- 
pared w^ith  the  rivers  of  the  South  and  West.  This  fact  has 
been  noticed  by  Professor  Agassiz,  w^ho  has  called  New  England 
a  **  zoological  island.'*  * 

In  spite  of  the  fact  that  barriers  of  e\'ery  sort  are  some- 
times crossed  by  fresh-water  fishes,  we  must  still  regard  the 
matter  of  freedom  of  water  communication  as  the  essential  one 
in  determining  the  range  of  most  species.  The  larger  the  river 
basin,  the  greater  the  variety  of  conditions  likely  to  be  offered 
in  it,  and  the  greater  the  numl^er  of  its  species.  In  case  of  the 
divergence  of  new  forms  by  the  processes  called  **  natural  selec- 
tion," the  greater  the  number  of  such  forms  which  may  have 
spread  through  its  waters;  the  more  extended  any  river  basin, 
the  greater  are  the  chances  that  any  given  species  may  some- 
times find  its  way  into  it;  hence  the  greater  the  number  of 
species  that  actually  occur  in  it,  and,  freedom  of  movement 
being  assumed,  the  greater  the  number  of  species  to  be  found 
in  any  one  of  its  affluents. 

Of  the  six  hundred  sj^ecies  of  fishes  found  in  the  rivers  of  the 
United  States,  about  two  hundred  have  been  recorded  from 
the  basin  of  the  Mississippi.  From  fifty  to  one  hundred  of 
these  species  can  be  found  in  any  one  of  the  tributary  streams 
of  the  size,  say,  of  the  Housatonic  River  or  the  Charles.  In 
the  Connecticut  River  there  are  but  about  eighteen  species  per- 
manently resident;  and  the  number  found  in  the  streams  of 
Texas  is  not  much  larger,  the  best  known  of  these,  the  Rio 
Colorado,  having  yielded  but  twenty-four  species. 

The  waters  of  the  Great  Basin  are  not  rich  in  fishes,  the 

*  ••  In  this  isolated  region  of  North  America,  in  this  zoological  island  of 
New  England,  as  we  may  call  it,  we  find  neither  Lepidosteus,  nor  Amia,  nor 
Polyodon,  nor  Amblodon  (A plodinotus) ,  nor  Grystes  {Micropterus),  nor  Centrar- 
chus,  nor  Pomoxis,  nor  Ambloplites,  nor  Galliums  {Chcenobryttus) .  nor  Carpiodes, 
nor  Hyodon,  nor  indeed  any  of  the  characteristic  forms  of  North  American 
fishes  so  common  everywhere  else,  with  the  exception  of  two  Pomotis  (Lepomis), 
one  Boleosoma,  and  a  few  Catostomus.'* — Agassiz,  Amer.  Journ.  Set.  Arts,  i854« 


112  Barriers  to  Dispersion  of  River  Fishes 

species  now  found  being  evidently  an  overflow  from  the  Snake 
River  when  in  late  glacial  times  it  drained  Lake  Bonneville. 
This  postglacial  lake  once  filled  the  present  basin  of  the  Great 
Salt  Lake  and  Utah  Lake,  its  outlet  flowing  northwest  from 
Ogden  into  Snake  River.  The  same  fishes  are  now  foimd  in 
the  upper  Snake  River  and  the  basins  of  Utah  Lake  and  of 
Sevier  Lake.  In  the  same  fashion  Lake  Lahontan  once  occu- 
pied the  basin  of  Nevada,  the  Humboldt  and  Carson  sinks,  with 
Pyramid  Lake.  Its  drainage  fell  also  into  the  Snake  River, 
and  its  former  limits  are  shown  in  the  present  range  of  species. 
These  have  almost  nothing  in  common  with  the  group  of  species 
inhabiting  the  former  drainage  of  Lake  Bonne\'ille.  Another 
postglacial  body  of  water,  Lake  Idaho,  once  united  the  lakes 
of  Southeastern  Oregon.  The  fauna  of  Lake  Idaho,  and  of  the 
lakes  Malheur,  Warner,  Goose,  etc.,  which  have  replaced  it,  is 
also  isolated  and  distinctive.  The  number  of  species  now  known 
from  this  region  of  these  ancient  lobes  is  about  125.  This  list  is 
composed  almost  entirely  of  a  few  genera  of  suckers,*  minnows, f 
and  trout.  J  None  of  the  catfishes,  [x^rch,  darters,  or  sunfishes, 
moon-eyes,  pike,  klUifishes,  and  none  of  the  ordinary  Eastern 
types  of  minnows  §  have  passed  the  barrier  of  the  Rocky  Moun- 
tains. 

West  of  the  Sierra  Nevada  the  fauna  is  still  more  scanty, 
only  about  seventy  species  being  enumerated.  This  fauna,  ex- 
cept for  certain  immigrants  |!  from  the  sea,  is  of  the  same  general 
character  as  that  of  the  Great  Basin,  though  most  of  the  species 
are  different.  This  latter  fact  would  indicate  a  considerable 
change,  or  *' evolution,**  since  the  contents  of  the  two  faimae 
were  last  mingled.  There  is  a  considerable  difference  between 
the  faima  of  the  Columbia  and  that  of  the  Sacramento.  The 
species  which  these  two  basins  have  in  common  are  chiefly 
those  which  at  times  pass  out  into  the  sea.  The  rivers  of  Alaska 
contain  but  few  species,  barely  a  dozen  in  all,  most  of  these 
being  found   also  in   Siberia   and   Kamchatka.     In  the  scanti- 

*  Catostomtis,  Pantosieiis,  Chasmistcs. 
t  Gila,  Ptychochciliis,  etc. 
%  Salmo  clarkii  and  its  varieties. 
§  Genera  Notropis.  Chrosomus,  etc. 

II  As  the   fresh-water  surf-fir.h    {Hysierocarpus  trast  i)    and  the  species  of 
salmon. 
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ness  of  its  faunal  list,  the  Yukon  agrees  with  the  Mackenzie 
River,  and  with  Arctic  rivers  generally. 

There  can  be  no  doubt  that  the  general  tendency  is  for 
each  species  to  extend  its  range  more  and  more  widely  until 
all  localities  suitable  for  its  growth  are  included.  The  various 
agencies  of  dispersal  which  have  existed  in  the  past  are  still 
in  operation.  There  is  apparently  no  limit  to  their  action. 
It  is  probable  that  new  ** colonies'*  of  one  species  or  another 
may  be  planted  each  year  in  waters  not  heretofore  inhabited 
by  such  species.  But  such  colonies  become  permanent  only 
where  the  conditions  are  so  favorable  that  the  species  can  hold 
its  own  in  the  struggle  for  food  and  subsistence.  That  the 
various  modifications  in  the  habitat  of  certain  species  have  been 
caused  by  human  agencies  is  of  course  too  well  known  to  need 
discussion  here. 

Watersheds. — We  may  next  consider  the  question  of  water- 
sheds, or  barriers  which  separate  one  river  basin  from  an- 
other. 

Of  such  barriers  in  the  United  States,  the  most  important 
and  most  effective  is  unquestionably  that  of  the  main  chain 
of  the  Rocky  Moimtains.  This  is  due  in  part  to  its  great 
height,  still  more  to  its  great  breadth,  and  most  of  all,  perhaps, 
to  the  fact  that  it  is  nowhere  broken  by  the  passage  of  a  river. 
But  two  species — the  red-throated  or  Rocky  Mountain  trout  * 
and  the  Rocky  Mountain  whitefishf — are  found  on  both  sides 
of  it,  at  least  within  the  limits  of  the  United  States ;  while  many 
genera,  and  even  several  families,  find  in  it  either  an  eastern  or  a 
western  Hmit  to  their  range.  In  a  few  instances  representative 
species,  probably  modifications  or  separated  branches  of  the 
same  stock,  occur  on  opposite  sides  of  the  range,  but  there  are 
not  many  cases  of  correspondence  even  thus  close.  The  two 
faunas  are  practically  distinct.  Even  the  widely  distributed 
red-spotted  or  '*  dolly  varden"  trout  t  of  the  Colimibia  River 
and  its  affluents  does  not  cross  to  the  east  side  of  the  moun- 
tains, nor  does  the  Montana  grayling  §  ever  make  its  way  to  the 
West.  In  Northern  Mexico,  however,  numerous  Eastern  river 
fishes  have  crossed  the  main  chain  of  the  Sierra  Madre. 

*  Salmo  clarki  Richardson.  J  Salvelinns  malma  (W^albaum). 

t  Coregonits  williamsoni  Girard.         §  Thymallus  tricolor  Cope. 
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How  Fishes  Cross  Watersheds.  —  It  is  easy  to  account  for 
this  separation  of  the  faunae;  but  how  shall  we  explain  the 
almost  universal  diffusion  of  the  whitefish  and  the  trout  in 
suitable  waters  on  both  sides  of  the  dividing  ridge?  We  may 
notice  that  these  two  are  the  species  which  ascend  highest  in 
the  mountains,  the  whitefish  inhabiting  the  mountain  pools 
and  lakes,  the  trout  ascending  all  brooks  and  rapids  in  search  of 
their  fountainheads.  In  many  cases  the  ultimate  dividing  ridge 
is  not  very  broad,  and  we  may  imagine  that  at  some  time  spawn 
or  even  young  fishes  may  have  been  carried  across  by  birds  or 
other  animals,  or  by  man,  or  more  likely  by  the  dash  of  some 
sunmier  whirlwind.  Once  carried  across  in  favorable  circum- 
stances, the  species  might  survive  and  spread. 

The  following  is  an  example  of  how  such  transfer  of  spe- 
cies may  be  accomplished,  which  shows  that  we  need  not  be 
left  to  draw  on  the  imagination  to  invent  possible  means  of 
transit. 

The  Suletind.  —  There  are  few  watersheds  in  the  world 
better  defined  than  the  mountain  range  which  forms  the  **  back- 
bone*' of  Norway.  I  lately  climbed  a  peak  in  this  range,  the 
Suletind.  From  its  summit  I  could  look  down  into  the  valleys 
of  the  Lara  and  the  Bagna,  flowing  in  opposite  directions  to  op- 
posite sides  of  the  peninsula.  To  the  north  of  the  Suletind  is 
a  large  double  lake  called  the  Sletningenvand.  The  maps  show 
this  lake  to  be  one  of  the  chief  sources  of  the  westward-flowing 
river  Lara.  This  lake  is  in  August  swollen  by  the  melting  of 
the  snows,  and  at  the  time  of  my  visit  it  was  visibly  the  source 
of  both  these  rivers.  From  its  southeastern  side  flowed  a 
large  brook  into  the  valley  of  the  Bagna,  and  from  its  south- 
western comer,  equally  distinctly,  came  the  waters  which  fed 
the  Lara.  This  lake,  like  similar  mountain  ponds  in  all  north- 
em  countries,  abounds  in  trout;  and  these  trout  certainly  have 
for  part  of  the  year  an  uninterrupted  line  of  water  communica- 
tion from  the  Sognefjord  on  the  west  of  Norway  to  the  Chris- 
tianiaf jord  on  the  southeast, — from  the  North  Sea  to  the  Baltic. 
Part  of  the  year  the  lake  has  probably  but  a  single  outlet 
through  the  Lara.  A  higher  temperature  would  entirely  cut 
off  the  flow  into  the  Bagna,  and  a  still  higher  one  might  dry 
up  the  lake    altogether.      This  Sletningenvand,  with  its  two 
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outlets  on  the  summit  of  a  sharp  watershed,  may  serve  to 
show  us  how  other  lakes,  permanent  or  temporary,  may  else- 
where have  acted  as  agencies  for  the  transfer  of  fishes.  We 
can  also  see  how  it  might  be  that  certain  mountain  fishes  should 
be  so  transferred  while  the  fishes  of  the  upland  waters  may 
be  left  behind.  In  some  such  way  as  this  we  may  imagine  that 
various  species  of  fishes  have  attained  their  present  wide  range 
in  the  Rocky  Motmtain  region;  and  in  similar  manner  perhaps 
the  Eastern  brook  trout  *  and  some  other  mountain  species  t 
may  have  been  carried  across  the  AUeghanies. 

The  Cassiquiare. — Professor  John  C.  Branner  calls  my  atten- 
tion to  a  marshy  upland  which  separates  the  valley  of  the  La 
Plata  from  that  of  the  Amazon,  and  which  permits  the  free 
movement  of  fishes  from  the  Paraguay  River  to  the  Tapajos. 
It  is  well  known  that  through  the  Cassiquiare  River  the  Rio 
Negro,  another  branch  of  the  Amazon,  is  joined  to  the  Orinoco 
River.  It  is  thus  evident  that  almost  all  the  waters  of  eastern 
South  America  form  a  single  basin,  so  far  as  the  fishes  are  con- 
cerned. 

As  to  the  method  of  transfer  of  the  trout  from  the  Columbia 
to  the  Missouri,  we  are  not  now  left  in  doubt. 

Two-Ocean  Pass. — To  this  day,  as  the  present  writer  and 
later  Evermann  and  Jenkins  J  have  shown,  the  Yellowstone  and 
Snake  Rivers  are  connected  by  two  streams  crossing  the  main 
divide  of  the  Rocky  ^fountains  from  the  Yellowstone  to  the  Snake 
across  Two-Ocean  Pass. 

Prof.  Evermann  has  described  the  locality  as  follows: 

**  Two-Ocean  Pass  is  a  high  mountain  meadow,  about  8,200 
feet  above  the  sea  and  situated  just  south  of  the  Yellowstone 
National  Park,  in  longitude  110°  10'  W.,  latitude  44°  3'  N. 
It  is  surrounded  on  all  sides  by  rather  high  mountains  except 
where  the  narrow  valleys  of  Atlantic  and  Pacific  creeks  open 

*  Salvelinus  jontinalis  Mitchill. 

t  Notropis  rubricrocetis  Cope,  Rhinichthys  atronastis  Mitchill,  etc. 

%  Evermann.  A  Reconnoissance  of  the  Streams  and  Lakes  of  Western 
Montana  and  Northwestern  Wyoming:,  in  Bull.  U.  S.  Fish.  Comm.,  XI,  1891, 
24-28,  pis.  I  and  11;  Jordan,  The  Story  of  a  Strange  Land,  in  Pop.  Sci. 
Monthly,  Feb.,  1892,  447-458;  Evermann,  Two-Ocean  Pass,  in  Proc.  Ind.  Ac. 
S(5i.,  1892,  29-34,  pi.  i;  Evermann,  Two-Ocean  Pass,  in  Pop.  Sci.  Monthly, 
June,  1895,  with  plate. 
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out  firom  it.  Running  back  among  the  mountains  to  the  north- 
waid  are  two  small  canvoos  down  which  come  two  small  streams. 
On  the  opposite  is  another  canyon  down  which  comes  another 
small  stream.  The  extreme  length  of  the  meadow  from  east 
to  west  is  about  a  mile,  while  the  width  trooi  north  to  south 
is  not  much  less.  The  larger  of  the  streams  coming  in  from 
the  north  is  Pacific  Creek,  which,  after  windii^  al-?ng  the  western 
side  of  the  meadow,  toms  abmptlv  westwari.  lea*%-:nor  the  meadow 
through  a  narrow  gorge.  Receiving  rv.irzery^  sma!!  affluents, 
Pacifc  Creek  soon  becomes  a  good-sized  stream,  which  finally 
unites  with  Bu£^o  Creek  a  few  miles  above  iraere  the  latter 
stream  "P/yws  ir:^^  Snake  River. 

"Atlantic  Creek  was  f-?und  to  have  two  forks  entering  the 
pass.  At  the  north  end  of  the  meadow  is  a  small  wooded  canyon 
down  which  fhws  the  X-^rth  Folk.  This  stream  hugs  the  bor- 
der of  the  fat  verv  clo^selv.  The  South  Fork  comes  down  the 
rarvc<n  on  the  south  side,  skirtin:?  the  brow  of  the  hill  a  little 
less  ck^seh'  than  dc<s  the  X-?rth  Fz-rk.  The  tw:>.  oming  to- 
r  near  tre  rm:::ije  o:  tne  es^stem  DDr^er  o:  tne  meadow, 
Atlantic  Creek,  which  after  a  o>urse  of  a  few  niiles  flows 
ln^:>  the  Upoer  YeIiowst«>ne.  But  the  remarkab^  phenomena 
exhibited  here  remain  to  be  descrfc^i. 

"Each  fork  of  Atlantic  Creek,  just  after  entering  the 
meadow,  divides  as  if  to  3:>w  around  an  island,  but  the  stream 
tow:&rd  the  meadow,  instead  of  rettiming  t*3  the  portion  from 
which  it  had  r^rted,  continues  its  westerlv  course  across  the 
m-ea^t-w.  Just  befi-re  reaching  the  western  b:*rier  the  two 
streams  unite  and  then  p»7ur  their  cr-mbinei  waters  into  Pacific 
Creek:  thus  are  Atlantic  and  Pacific  creeks  unite!  and  a  con- 
tinuing waterway  fr:m  the  Czlumhia  \-ia  Two-Ocean  Pass  to 
the  Gu2f  :f  Mexko  is  established. 

"  Pacific  Cnsek  is  a  stream  of  g»i  size  Iz-ng  before  it  enters 
the  rft.SK,  ar>i  its  o-jnrse  thrrugh  the  mea*iow  is  in  a  definite 
channel,  but  no^  so  with  Atlantic  Creek.  The  west  bank  cf 
esich  iyrk  is  j:-w  and  the  stream  is  liable  to  break  through  any- 


trs 


where  ansi  thus  send  oart  :f  its  water  acr:-ss  t.>  Pacific  Creek, 
It  is  pr:cab>*'  true  that  cce  :r  two  branches  always  connect 
the  two  creeks  under  ordinary  oDFnditijCs.  and  that  f  zCc-wing 
hea™  rains  'r  when  the  snows  are  melting,  a  much 
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portion  of  the  water  of  Atlantic    Creek  crosses  the  meadow 
to  the  other  side. 

"  Besides  the  channels  already  mentioned,  there  are  several 
more  or  less  distinct  ones  that  were  dry  at  the  time  of  our  visit. 
As  already  stated,  the  pass  is  a  nearly  level  meadow  covered 
with  a  heavy  growth  of  grass  and  many  small  willows  one  to 
three  feet  high.  While  it  is  somewhat  marshy  in  places  it  has 
nothing  of  the  nature  of  a  lake  about  it.    Of  course,  dtiring 


Fig.  77. — SilverSurf-fiah  (viviparous), /fypocn{tcUA^aatuiIti(Agasnz).    Hootony. 


wet  weather  the  small  springs  at  the  borders  of  the  meadow 
would  be  stronger,  but  the  important  facts  are  that  there  is 
no  lake  or  even  marsh  there  and  that  neither  Atlantic  nor 
Pacific  Creek  has  its  rise  in  the  meadow.  Atlantic  Creek,  in 
fact,  comes  into  the  pass  as  two  good-sized  streams  from  op- 
posite directions  and  leaves  it  by  at  least  four  channels,  thus 
making  an  island  of  a  considerable  portion  of  the  meadow. 
And  it  is  certain  that  there  is,  under  ordinary  circumstances, 
a  continuous  waterway  through  Two-Ocean  Pass  of  such  a 
character  as  to  permit  fishes  to  pass  easily  and  readily  from 
Snake  River  over  to  the  Yellowstone,  or  in  the  opposite  direc- 
tion. Indeed,  it  is  quite  possible,  barring  certain  falls  in  the 
Snake  River,  for  a  fish  so  inclined,  to  start  at  the  mouth  of  the 
Columbia,  travel  up  that  great  river  to  its  principal  tributary, 
the  Snake,  thence  on  through  the  long,  tortuous  course  of  that 
stream,  and,  tmder  the  shadows  of  the  Grand  Teton,  enter  the 
cold  waters  of  Pacific  Creek,  by  which  it  could  journey  on  up  to 
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the  very  crest  <rf  the  great  contiiiental  divide, — to  Two-Ooean 
Pass:  through  this  pass  it  may  have  a  choice  of  two  routes  to 
Atlantic  Creek,  in  which  the  downstream  journey  is  begun.  Soon 
it  reaches  the  Yellowstone,  down  which  it  continues  to  Yel- 
lowstone Lake,  then  through  the  lower  Yellowstone  out  into 
the  turbid  waters  of  the  Missouri:  for  many  hundred  miles  it 
may  continue  down  this  mighty  river  before  reacliing  the 
Father  of  Waters,  which  will  finally  carry  it  to  the  Gulf  of 
Mexico — ^a  wonderfid  journey  of  nearly  6.000  miles,  by  far  the 
longest  possible  faesh-water  journey  in  the  world. 

*"We  found  trout  in  Pacific  Creek  at  ex-ery  point  where  we 
examined  it.  In  Two-Ocean  Pass  we  found  trout  in  each  of 
the  streams  and  in  such  positions  as  would  have  permitted 
them  to  pass  easQy  from  one  side  of  the  divide  to  the  other. 
We  also  found  trout  in  Atlantic  Creek  below  the  pass,  and  in 
the  upper  Yellowstone  they  were  abimdant.  Thus  it  is  cer- 
tain that  there  is  no  obstruction,  even  in  dry  weather,  to  pre- 
vent the  passage  of  trout  from  the  Snake  River  to  Yellowstone 
Lake:  it  is  quite  evident  that  trout  do  pass  ox^er  in  this  way; 
and  it  is  almost  certain  that  Yellowstone  Lake  was  stocked  with 
trout  from  the  west  via  Two-Ocean  Pass." — Evermaxx. 

Hoantun  Chains.  —  The  Sierra  Nevada  constitutes  also  a 
very  important  barrier  to  the  diffusion  of  species.  This  is, 
however,  broken  by  the  passage  of  the  Columbia  Ri\"er,  and 
many  species  thus  find  their  way  across  it.  That  the  waters 
to  the  west  of  it  are  not  unfavorable  for  the  growth  of 
Eastern  fishes  is  shown  by  the  fact  of  the  rapid  spread  of  the  com- 
mon  Eastern  catfish,*  or  homed  fxnit,  when  transported  from 
the  SchuvUdll  to  the  Sacramento.  The  catfish  is  now  one  of  the 
important  food  fishes  of  the  San  Francisco  markets,  and  \i4th 
the  Chinaman  its  patrxm,  it  has  gone  from  California  to  Hawaii. 
The  Chinese  catfish,  described  by  Bleeker  as  Affjeiurus  can- 
icmiisis,  was  doubtless  carried  home  by  some  Chinaman  return- 
ing from  San  Francisco.  In  like  fashion  the  small-mouthed 
black  bass  is  now  frequent  in  California  streams,  as  is  also  the 
blue-green  sunfish,  Apofticiis  cyMftdhis,  introduced  as  food  for 
the  bass. 

•  Anuiurus  nrbulcsus  Lc  Sueur:  .4mt*mr:*f  .-.::> 5  Lir.r.T-j<i 
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The  mountain  mass  of  Mount  Shasta  is,  as  already  stated, 
a  considerable  barrier  to  the  range  of  fishes,  though  a  ntimber 
of  species  find  their  way  around  it  through  the  sea.  The  lower 
and  irregular  ridges  of  the  Coast  Range  are  of  small  importance 
in  this  regard,  as  the  streams  of  their  east  slope  reach  the  sea 
on  the  west  through  San  Francisco  Bay.  Yet  the  San  Joaquin 
contains  'a  few  species  not  yet  recorded  from  the  smaller  rivers 
of  southwestern  California. 

The  main  chain  of  the  AUeghanies  forms  a  barrier  of  im- 
portance separating  the  rich  fish  fauna  of  the  Tennessee  and 
Ohio  basins  from  the  scantier  faunae  of  the  Atlantic  streams. 
Yet  this  barrier  is  crossed  by  many  more  species  than  is  the 
case  with  either  the  Rocky  Moimtains  or  the  Sierra  Nevada.  It 
is  lower,  narrower,  and  much  more  broken, — ^as  in  New  York, 
in  Pennsylvania,  and  in  Georgia  there  are  several  streams  which 
pass  through  it  or  around  it.  The  much  greater  age  of  the 
Alleghany  chain,  as  compared  with  the  Rocky  Moimtains,  seems 
not  to  be  an  element  of  any  importance  in  this  connection.  Of 
the  fish  which  cross  this  chain,  the  most  prominent  is  the  brook 
trout,*  which  is  found  in  all  suitable  waters  from  Hudson's 
Bay  to  the  head  of  the  Chattahoochee. 

Upland  Fishes. — A  few  other  species  are  locally  fotmd  in 
the  head  waters  of  certain  streams  on  opposite  sides  of  the  range. 
An  example  of  this  is  the  little  red  **  fallfish,*'t  foimd  only  in  the 
mountain  tributaries  of  the  Savannah  and  the  Tennessee.  We 
may  suppose  the  same  agencies  to  have  assisted  these  species 
that  we  have  imagined  in  the  case  of  the  Rocky  Mountain  trout, 
and  such  agencies  were  doubtless  more  operative  in  the  times 
immediately  following  the  glacial  epoch  than  they  are  now. 
Prof.  Cope  calls  attention  also  to  the  numerous  caverns  existing 
in  these  mountains  as  a  sufficient  medium  for  the  transfer  of 
many  species.  I  doubt  whether  the  main  chains  of  the  Blue 
Ridge  or  the  Great  Smoky  can  be  crossed  in  that  way,  though 
such  channels  are  not  rare  in  the  subcarboniferous  limestones 
of  the  Cumberland  range.  In  the  brooks  at  the  head  waters  of 
the  Roanoke  River  about  Alleghany  Springs  in  Virginia,  fishes 
of  the  Tennessee  Basin  are  foimd,  instead  of  those  characteristic 

*  Salvelinus  fontinalis. 

t  Xotropis  rubricrocetis  Cope. 
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of  the  lower  Roanoke.  In  this  case  it  is  likdy  that  we  have 
to  consider  the  results  of  local  erosion.  Probably  the  divide  has 
been  so  shifted  that  some  small  stream  with  its  fishes  has  been 
cut  off  from  the  Holston  and  transferred  to  the  Roanoke. 

The  passage  of  species  from  stream  to  stream  along  the 
Atlantic  slope  deserves  a  moment's  notice.  It  is  imder  present 
conditions  impossible  for  any  mountain  or  upland  fish,  as  the 
trout  or  the  miller's  thumb,*  to  cross  from  the  Potomac  River 
to  the  James,  or  from  the  Xeuse  to  the  Santee,  by  descending 
to  the  lower  courses  of  the  rivers,  and  thence  passing  along 
either  through  the  swamps  or  by  way  of  the  sea.  The  lower 
courses  of  these  streams,  warm  and  muddv,  are  uninhabitable 
by  such  fishes.  Such  transfers  are,  however,  possible  farther 
north.  From  the  rivers  of  Canada  and  from  manv  rivers  of 
New  England  the  trout  does  descend  to  the  sea  and  into  the 
sea,  and  farther  north  the  whitefish  does  this  also.  Thus  these 
fishes  readily  pass  from  one  river  basin  to  another.  As  this  is 
the  case  now  evervwhere  in  the  Xorth,  it  mav  have  been  the 
case  farther  south  in  the  time  of  the  glacial  cold.  We  may.  I 
think,  imagine  a  condition  of  things  in  which  the  snow>fields 
of  the  Alleghany  chain  might  have  played  some  part  in  aiding 
the  diffusion  of  cold-loving  fishes.  A  permanent  snow-field  on 
the  Bhie  Ridge  in  western  North  Carolina  might  render  almost 
any  stream  in  the  Carolinas  suitable  for  trout,  from  its  source 
to  its  mouth.  An  increased  volume  of  colder  water  might  carry 
the  trout  of  the  bead  streams  of  the  Catawba  and  the  SaN^aimah 
as  far  down  as  the  sea.  We  can  e\*en  imagine  that  the  trout 
reached  these  streams  in  the  first  place  through  such  agencies, 
"though  of  this  there  is  no  positive  e\-idence.  For  the  presence 
of  trout  in  the  upper  Chattahoochee  we  must  account  in  some 
other  wav. 

It  is  noteworthy  that  the  upland  fishes  are  nearly  the  same 
in  all  these  streams  until  we  reach  the  southern  limit  of  possible 
glacial  infiuence.  South  of  western  North  Carolina  the  fatmae 
of  the  dinerent  river  basins  appear  to  be  more  distinct  from 
one  another.  Certain  ripple-lo\Tng  types  are  represented  by 
closely  related  but  unquestionably  different  species  in  each 

*  Ccttus  icialops  Rafinesque. 
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river  basin,  and  it  would  appear  that  a  thorough  mingling  of 
the  upland  species  in  these  rivers  has  never  taken  place. 

The  best  examples  of  this  are  the  following :  In  the  Santee 
basin  are  fotmd  Notropis  pyrrhomelas,  Notropis  niveus,  and  No- 
tropis  chloristius;  in  the  Altamaha,  Notropis  xa^turus  and  Notro- 
pis callisemus;  in  the  Chattahoochee,  Notropis  hypselopterus  and 
Notropis  eurystofnus;  in  the  Alabama,  Notropis  cceruleus,  Notro- 
pis trichroistius,  and  Notropis  callistius.  In  the  Alabama,  Es- 
cambia, Pearl,  and  nimierous  other  rivers  is  foimd  Notropis  cer- 
costigma.  This  species  descends  to  the  sea  in  the  cool  streams  of 
the  pine  woods.  Its  range  is  wider  than  that  of  the  others,  and 
in  the  rivers  of  Texas  it  reappears  in  the  form  of  a  scarcely  dis- 
tinct variety,  Notropis  venustus.  In  the  Tennessee  and  Ctunber- 
land,  and  in  the  rivers  of  the  Ozark  range,  is  Notropis  galadurus; 
and  in  the  upper  Arkansas  Notropis  camurus, — all  distinct  species 
of  the  same  general  type.  Northward,  in  all  the  streams  from 
the  Potomac  to  the  Oswego,  and  westward  to  the  Des  Moines  and 
the  Arkansas,  occurs  a  single  species  of  this  type,  Notropis 
whipplei,  varying  eastward  into  Notropis  analosta^tus.  But  this 
species  is  not  known  from  any  of  the  streams  inhabited  by  any 
of  the  other  species  mentioned,  although  very  likely  it  is  the 
parent  stock  of  them  all. 

Lowland  Fishes. — With  the  lowland  species  of  the  Southern 
rivers  it  is  different.  Few  of  these  are  confined  within  narrow 
limits.  The  streams  of  the  whole  South  Atlantic  and  Gtdf 
Coast  flow  into  shallow  bays,  mostly  bounded  by  sand-spits  or 
sand-bars  which  the  rivers  themselves  have  brought  down.  In 
these  bays  the  waters  are  often  neither  fresh  nor  salt ;  or,  rather, 
they  are  alternately  fresh  and  salt,  the  former  condition  being 
that  of  the  winter  and  spring.  Many  species  descend  into  these 
bays,  thus  finding  every  facility  for  transfer  from  river  to  river. 
There  is  a  continuous  inland  passage  in  fresh  or  brackish  waters, 
traversable  by  such  fishes,  from  Chesapeake  Bay  nearly  to 
Cape  Fear ;  and  similar  conditions  exist  on  the  coasts  of  Louisi- 
ana, Texas,  and  much  of  Florida.  In  Perdido  Bay  I  have  foimd 
fresh-water  minnows*  and  silversidesf  living  together  with 
marine    gobiesj    and    salt-water    eels.§     Fresh-water    alligator 

*  Notropis  cercosiigma,  Notropis  xasnocephalus.       %  Gobiosoma  molesium. 
t  Labidcsthes  sicculus.  §  Myrophis  punctatus. 
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gars*  and  marine  sharks  compete  for  the  garbage  thrown  over 
from  the  Pensacola  wharves.  In  Lake  Pontchartrain  the  fauna 
is  a  remarkable  mixtiire  of  fresh-water  fishes  from  the  Missis- 
sippi and  marine  fishes  from  the  Gulf.  Channel-cats,  sharks, 
sea-crabs,  sunfishes,  and  mullets  can  all  be  foimd  there  to- 
gether. It  is  therefore  to  be  expected  that  the  lowland  fatma 
of  aH  the  rivers  of  the  Gtdf  States  would  closely  resemble  that 
of  the  lower  Mississippi;  and  this,  in  fact,  is  the  case. 

The  streams  of  southern  Florida  and  those  of  southwestern 
Texas  offer  some  peculiarities  connected  with  their  warmer 
climate.  The  Florida  streams  contain  a  few  peculiar  fishes  ;t 
while  the  rivers  of  Texas,  with  the  same  general  fatma  as  those 
farther  north,  have  also  a  few  distinctly  tropical  types,  J  inmii- 
grants  from  the  lowlands  of  J^Iexico. 

CuImui  Fishes. — The  fresh  waters  of  Cuba  are  inhabited  by 
fishes  unlike  those  foimd  in  the  United  States.  Some  of  these 
are  evidently  indigenous,  derived  in  the  waters  they  now  in- 
habit directlv  from  marine  forms.  Two  of  these  are  eveless 
speciesj  inhabiting  streams  in  the  caverns.  They  have  no 
relatives  in  the  fresh  waters  of  any  other  region,  the  blind 
fishes  t  of  our  caves  being  of  a  wholly  different  type.  Some  of 
the  Cuban  fishes  are  common  to  the  fresh  waters  of  the  other 
West  Indies.  Of  Northern  types,  only  one,  the  alligator  gar,^ 
is  found  in  Cuba,  and  this  is  e\-idently  a  filibuster  immigrant  from 
the  coasts  of  Florida. 

Swmmpj  Watersheds.  —  The  low  and  irregular  watershed 
which  separates  the  tributaries  of  Lake  Michigan  anc  Lake 
Erie  frcrm  those  of  the  Ohio  is  of  little  importance  in  detiennining 
the  range  of  species.  Many  of  the  distinctively  Northern  fishes 
are  fooni  in  th^  h-eaOTs-aters  of  the  Wabash  and  the  Scioto. 
The  considerahie  cinerenoe  in  the  general  fauna  of  the  Ohio 
VaUe^r  as  crxTr^JiiTtsfl  -w-fth  that  of  t?je  streams  of  ilichigan  is  due 
to  the  ii^XT  t«rperaVjre  of  the  former  region,  TTxih^  tr-an 

^   l.^ivael^z.  RnnCMi.  H€Ur7Kdri2,  etc 

I  LMc^r-^z  kskt  Siy^'^^z.    fixijAA  i^j^^^  Vj  ibit  cnsk.  ain-J  utlrjzj^?  v-j  the 
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to  any  existii^  barriers  between  the  river  and  the  Great  Lates. 
In  northern  Indiana  the  watershed  is  often  swampy,  and  in 
many  places  lai^e  ponds  exist  in  the  early  spring. 

At  times  of  heavy  rains  many  species  will  move  through  con- 
siderable distances  by  means  of  temporary  ponds  and  brooks. 
Fishes  that  have  thus  emigrated  often  reach  places  ordinarily 
inaccessible,  and  people  finding  them  in  such  localities  often 
imagine  that  they  have  "rained  down,"  Once,  near  Indian- 
apolis, after  a  heavy  shower,  I  found  in  a  furrow  in  a  corn-field 
a  small  pike,*  some  half  a  mile  from  the  creek  in  which  he 
should  belong.  The  fish  was  swimming  along  in  a  temporary 
brook,  apparently  wholly  unconscious  that  he  was  not  in  his 
native  stream.  Migratory  fishes,  which  ascend  small  streams  to 
spawn,  are  especially  hkely  to  be  transferred  in  this  way.  By 
some  such  means  any  of  the  watersheds  in  Ohio,  Indiana,  or 
Illinois  may  be  passed. 


Fio.  78. — Creeklish    or    Chub  sucker     Enmyzon    giiceOa   (Lacfpfde).      Nipionk 
I  ftkp    lUnmiH      Fimily  Catontornxda. 

It  is  certain  that  the  limits  of  Lake  Ene  and  Lake  Michigan 
were  once  more  extended  than  now.  It  is  reasonably  prob- 
able that  some  of  the  territory  now  drained  by  the  Wabash 
and  the  Illinois  was  once  covered  by  the  waters  of  Lake  Michi- 
gan. The  ciscof  of  Lake  Tippecanoe,  Lake  Geneva,  and  the 
lakes  of  the  Oconomowoc  chain  is  evidently  a  modified  de- 
scendant of  the  so-called  lake  herring.  J     Its  origin  most  lilrely 

*Esox  vertniculalHs  Le  Sueur.  •{  Argyrosomus  sisco  Jordan, 

t  Argyrosonms  artedi  he  Sueur. 
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dates  from  the  time  when  these  small  deep  lakes  of  Indiana 
and  Wisconsin  were  connected  with  Lake  Michigan.  The 
changes  in  habits  which  the  cisco  has  tmdergone  are  consider- 
able. The  changes  in  external  characters  are  but  trifling.  The 
presence  of  the  cisco  in  these  lakes  and  its  periodical  disappear- 
ance— that  is,  retreat  into  deep  water  when  not  in  the  breeding 
season — have  given  rise  to  much  nonsensical  discussion  as  to 
whether  any  or  all  of  these  lakes  are  still  joined  to  Lake  Michigan 
by  subterranean  channels.  Several  of  the  larger  fishes,  properly 
characteristic  of  the  Great  Lake  region,*  are  occasionally  taken 
in  the  Ohio  River,  where  they  are  usually  recognized  as  rare 
stragglers.  The  difference  in  physical  conditions  is  probably  the 
sole  cause  of  their  scarcity  in  the  Ohio  basin. 

The  Great  Basin  of  Utah. — The  similarity  of  the  fishes  in  the 
different  streams  and  lakes  of  the  Great  Basin  is  doubtless  to  be 
attributed  to  the  general  mingling  of  their  waters  which  took 
place  during  and  after  the  Glacial  Epoch.  Since  that  period  the 
climate  in  that  region  has  grown  hotter  and  drier,  tmtil  the  over- 
flow of  the  various  lakes  into  the  Columbia  basin  through  the 
Snake  River  has  long  since  ceased.  These  lakes  have  becom.e 
isolated  from  each  other,  and  many  of  them  have  become  salt 
or  alkaline  and  therefore  tminhabitable.  In  some*  of  these  lakes 
certain  species  may  now  have  become  extinct  which  still  remain 
in  others.  In  some  cases,  perhaps,  the  differences  in  surrotmd- 
ings  may  have  caused  divergence  into  distinct  species  of  what  was 
once  one  parent  stock.  The  suckers  in  Lake  Tahoe  f  and  those 
in  Utah  Lake  are  certainly  now  different  from  each  other  and  from 
those  in  the  Columbia.  The  trout  J  in  the  same  waters  can  be 
regarded  as  more  or  less  tangible  species,  while  the  white- 
fishes  §  show  no  differences  at  all.  The  differences  in  the  present 
faunas  of  Lake  Tahoe  and  Utah  Lake  must  be  chiefly  due  to 
influences  which  have  acted  since  the  Glacial  Epoch,  when  the 
whole  Utah  Basin  was  part  of  the  drainage  of  the  Columbia. 

Arctic  Species  in  Lakes. — Connected  perhaps   with  changes 

♦  As  Lota  maculosa;  Percopsis  guttata;  Esox  masquinongy, 

t  Catostomus  tahoensis,  in  Lake  Tahoe;  Catostomus  macrocheUus  and  dis- 
cobolus, in  the  Columbia;  Catostomus  fecundus,  Catostomus  ardens;  Chasmistes 
liorus  and  Pantosteus  generosus,  in  Utah  Lake. 

%  Salmo  henshawi  and  virginalis, 

I  Coregonus  wiUiamsoni, 
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due  to  glacial  influences  is  the  presence  in  the  deep  waters  of  the 
Great  Lakes  of  certain  marine  types,*  as  shown  by  the  explora- 
tions of  Professor  Sidney  I.  Smith  and  others.  One  of  these  is  a 
genus  of  fishes,  t  of  which  the  nearest  allies  now  inhabit  the  Arctic 
Seas.  In  his  review  of  the  fish  fatma  of  Finland,  J  Professor  A.  J. 
Malmgren  finds  a  number  of  Arctic  species  in  the  waters  of  Fin- 
land which  are  not  foimd  either  in  the  North  Sea  or  in  the  southern 
portions  of  the  Baltic.  These  fishes  are  said  to  **  agree  with  their 
*  forefathers'  in  the  Glacial  Ocean  in  every  point,  but  remain 
comparatively  smaller,  leaner,  almost  starved.*'  Professor  Lov6n§ 
also  has  shown  that  numerous  small  animals  of  marine  origin  are 
found  in  the  deep  lakes  of  Sweden  and  Finland  as  well  as  in  the 
Gulf  of  Bothnia.  These  anomalies  of  distribution  are  explained 
by  Lov^n  and  Malmgren  on  the  supposition  of  the  former  con- 
tinuity of  the  Baltic  through  the  Gulf  of  Bothnia  with  the  Glacial 
Ocean.  During  the  second  half  of  the  Glacial  Period,  according 
to  Loven,  *'the  greater  part  of  Finland  and  of  the  middle  of 
Sweden  was  submerged,  and  the  Baltic  was  a  great  gulf  of  the 
Glacial  Ocean,  and  not  connected  ^\'ith  the  German  Ocean.  By 
the  gradual  elevation  of  the  Scandinavian  Continent,  the  Baltic 
became  disconnected  from  the  Glacial  Ocean  and  the  Great 
Lakes  separated  from  the  Baltic.  In  consequence  of  the  gradual 
change  of  the  salt  water  into  fresh,  the  marine  fauna  became 
gradually  extinct,  with  the  exception  of  the  glacial  forms  men- 
tioned above." 

It  is  possible  that  the  presence  of  marine  types  in  our  Great 
Lakes  is  to  be  regarded  as  due  to  some  depression  of  the  land 
which  would  connect  their  waters  with  those  of  the  Gulf  of  St. 
Lawrence.     On  this  point,  however,  our  data  are  still  incomplete. 

To  certain  species  of  upland  or  mountain  fishes  the  depression 
of  the  Mississii:>pi  basin  itself  forms  a  barrier  which  cannot  be 
passed.     The  black-spotted  trout, ||  very  closely  related  species 

*  Species  of  Mysis  and  other  jrcnera  of  Crustaceans,  similar  to  species 
described  by  Sars  and  others,  in  lakes  of  Sweden  and  Finland. 

t  Tri^lopsis  thorn psoni  Girard,  a  near  ally  of  the  marine  species  Oncocottus 
quadncornis  L. 

X  Kritisk  Ofversigt  af  Finlands  Fisk-Fauna,  Helsingfors,  1863. 

§  Sec  Gunther,  Zoological  Record  for  1864,  p.  137. 

II  Salmo  jario  L.,  in  Europe;  Salmo  labrax  Pallas,  etc.,  in  Asia;  Salmo 
gairdneri  Richardson,  in  streams  of  the  Pacific  Coast;  Sa/mo />c?rryt,  in  Japan; 
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of  which  abound  in  all  waters  of  northern  Asia,  Europe,  and 
western  North  America,  has  nowhere  crossed  the  basin  of  the 
Mississippi,  although  one  of  its  species  finds  no  difficulty  in  passing 
Bering  Strait.  The  trout  and  whitefish  of  the  Rocky  Moun- 
tain region  are  all  species  different  from  those  of  the  Great  Lakes 
or  the  streams  of  the  Alleghany  system.  To  the  grayling,  the 
trout,  the  whitefish,  the  pike,  and  to  arctic  and  subarctic 
species  generally,  Bering  Strait  has  evidently  proved  no  serious 
obstacle  to  diffusion ;  and  it  is  not  tmlikely  that  much  of  the  close 
resemblance  of  the  fresh-water  faunae  of  northern  Europe,  Asia, 
and  North  America  is  due  to  this  fact.  To  attempt  to  decide 
from  which  side  the  first  migration  came  in  regard  to  each  group 
of  fishes  might  be  interesting ;  but  without  a  wider  range  of  facts 
than  is  now  in  our  possession,  most  such  attempts,  based  on  guess- 
work, would  have  little  value.  The  interlocking  of  the  fish  fatmas 
of  Asia  and  North  America  presents,  however,  a  number  of  inter- 
esting problems,  for  migrations  in  both  directions  have  doubtless 
taken  place. 

Causes  of  Dispersion  Still  in  Operation. — One  might  go  on 
indefinitely  vnXh  the  discussion  of  special  cases,  each  more  or  less 
interesting  or  suggestive  in  itself,  but  the  general  conclusion  is  in 
all  cases  the  same.  The  present  distribution  of  fishes  is  the  result 
of  the  long-continued  action  of  forces  still  in  operation.  The 
species  have  entered  our  waters  in  many  invasions  from  the  Old 
World  or  from  the  sea.  Each  species  has  been  subjected  to  the 
various  influences  implied  in  the  term  ** natural  selection,"  and 
under  varying  conditions  it^  representatives  have  undergone 
many  different  modifications.  Each  of  the  six  hundred  fresh- 
water species  we  now  know  in  the  United  States  may  be  con- 
ceived as  making  every  year  inroads  on  territory  occupied  by 
other  species.  If  these  colonies  are  able  to  hold  their  own  in 
the  struggle  for  possession,  they  will  multiply  in  the  new  condi- 
tions, and  the  range  of  the  species  becomes  widened.  If  the 
surroundings  are  different,  new  species  or  varieties  may  be  formed 
with  time ;  and  these  new  forms  may  again  invade  the  territory 
of  the  parent  species.     Again,  colony  after  colony  of  species 

Salmo  clarki  Richardson,  throughout  the  Rocky  Mountain  range  to  the  Mexican 
boundary  and  the  headwaters  of  the  Kansas,  Platte,  and  Missouri. 
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after  species  may  be  destroyed  by  other  species  or  by  uncongenial 
surroundings. 

The  ultimate  result  of  centuries  on  centuries  of  the  restlessness 
of  individuals  is  seen  in  the  facts  of  geographical  distribution. 
Only  in  the  most  general  way  can  the  history  of  any  species  be 
traced ;  but  could  we  know  it  all,  it  would  be  as  long  and  as  event- 
ful a  story  as  the  history  of  the  colonization  and  settlement  of 
North  America  by  immigrants  from  Europe.  But  by  the  fishes 
each  river  in  America  has  been  a  hundred  times  discovered,  its 
colonization  a  hundred  times  attempted.  In  these  efforts  there 
is  no  co-operation.  Every  indi\adual  is  for  himself,  every  struggle 
a  struggle  of  life  and  death ;  for  each  fish  is  a  cannibal,  and  to  each 
species  each  member  of  every  other  species  is  an  alien  and  a 
savage. 


CHAPTER  IX 

FISHES  AS   FOOD  FOR   MAN 

:  Flesh  of  Fishes. — Among  all  races  of  men,  fishes 
are  freely  eaten  as  food,  either  raw,  as  preferred  by 
the   Japanese   and    Hawaiians,    or    else   as    cooked, 
salted,  dried,  or  othernise  preser\-ed. 

The  flesh  of  most  fishes  is  white,  flaky,  readily  digestible, 
and  with  an  agreeable  flavor.  Some,  as  the  salmon,  are  charged 
with  oil,  which  aids  to  give  an  orange  hue  known  as  salmon 
color.  Others  have  colorless  oil  which  may  be  of  various  con- 
sistencies. Some  have  dark-red  flesh,  which  usually  contains 
a  hea\-\-  oil  which  becomes  acrid  when  stale.  Some  fishes,  as 
the  sharks,  have  toi^h,  coarse  flesh.  S^ime  have  flesh  which  is 
watery  and  coarse.  Some  are  watery  and  tasteless,  some  dry 
and  tasteless.  Some,  otherwise  excellent,  have  the  muscidar 
area,  which  constitutes  the  chief  edible  part  of  the  iish,  tilled 
with  small  bones. 

RelatiTc  Rank  of  Food-fishes. — The  writer  has  tested  most 
of  the  noted  food-fishes  of  the  Northern  Hemisphere.     When 


Fis.  79.— Eohdan,  o 


properly  cooked  (for  he  is  no  judge  of  raw  fish)  he  would  place 
first  in  the  ranks  as  a  food-fish  the  eulachon,  or  candle-fish 
(TTiaUukihys  pacifkus). 
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This  little  smelt,  about  a  foot  long,  ascends  the  Columbia 
River.  Frazer  River,  and  streams  of  southern  Alaska  in  the 
spring  in  great  numbers  for  the  purpose  of  spawning.  Its  flesh 
is  white,  very  delicate,  charged  with  a  white  and  very  agree- 


Ayu.  or  JapaDtse  Samlet,  PUcogtassus  allivdis   Schlegel.      Tanagawa, 


able  oil,  readily  digested,  and  with  a  sort  of  fragrance  peculiar 
to  the  species. 

Next  to  this  he  is  inclined  to  place  the  ayu  (Plecoglossus 
altivelis),  a  sort  of  dwarf  salmon  which  runs  in  similar  fashion 
in  the  rivers  of  Japan  and  Formosa.     The  ayu  is  about  as  large 


Fio.  81. — Whitefiah,  Corrgimut  ciuj^lormis  Mitcliill.     Ecorae,  Mich. 

as  the  eulachon  and  has  similar  flesh,  but  with  little  oil  and  no 
fragrance. 

Very  near  the  first  among  sea-fishes  must  come  the  pampano 
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(Trachinotus  carolinus)  of  the  Gulf  of  Mexico,  with  firm,  white, 
finely  flavored  flesh. 

The  red  surmullet  of  Europe  {Mtillus  barbaius)  has  been 
long  famed  for  its  delicate  flesh,  and  may  perhaps  be  placed 
next.     Two    related  species  in  Polynesia,  the  munu  and  the 


kimni  (_Pseiidupemus  bijasciatus  and  Pseudupeneus  porphyreiu), 
are  scarcely  inferior  to  it. 

S^  by  side  with  these  belongs  the  wtntefisb  of  tbe  Great 
Laixs     Csrrfrmu   dupfifcrmii  1 .     Us  fiesh,   deikate,    sl^nly 


Rauiairifc'-tt  Tf-'iH-i  -^'Jt  U^'jt.  -jjh^.  -xa  -a=.  «^.  tiit  :^s£  ',f  -.iat 
■zsw^*^.    'j^imrjtrvftt-.'^t.i  tr.w-i..~-i.:     vf.'-  5rt?ii'..  t:*.  ".ri%*  n'.i  tni 
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more  delicate,  the  bluefish  (Pomaiomus  saUatrix)  similar  but  a 
little  coarser,  the  idua  {Carangus  sent),  the  finest  lai^e  food-fish 
of  the  South  Seas,  the  dainty  California  poppy-fish,  miscalled 
"  Pampano "  (Palomeia  simiilinta),  and  the  kingfisb  firm  and 


wen-Savored  {Scomberamorits  cuvalla),  represent  the  best  erf  the 
fishes  alKed  to  the  mackerel. 

The  shad  (Alosa  sapidissima) .  with  its  sweet,  tender,  fmely 
otiy  gesh,  stands  also  near  the  frrjnt  among  food-fishes,  but  it 
stns  aboTt  all  others  in  the  matter  of  small  bones.  The  weak- 
fish  (Cyytcs€WK  KobSis)  and  nmnerons  relatives  rank  first  among 


ffav  '•R  — BAhaJn.  CttttwutnuiK  wnAuvwdw   BbvJK.     fflnrirW 


B&nse  wtnh  caniier,  whrce,  savorr..a3  flean.  Xtrs^n^  che  bajia  arni 
perchr4ike  dshes.  comtnrjn  cncaeni;  places  near  'he  firac  che 
3Criceflbass  ijpjcj»s  Un'iasus  ,  the  fcaaa  ct  Emripe  ■■  fjKmO'.-srcku.i 
itihrjor-..  c&e  ausubi  of  /apar.  .'^:Xeal.ihr,ix  •apcKLf^  .  the  r»ri 
cai  'X.  Jaoan  P^i^js.  mo/fnr  arji  P.  ^.iriimilii--.  the  sheep' i-heai^ 
■M-^JiA^v^js  pnihfiUiMpkiiliix-.  the  marcnn-dsh  or  Pary-j  Crj'.ITc 
■'X  ilniia. '  iilxiflunns  JMoiis't,  the  European.  p^.rjT"  Pj^-ts  pa^i^{>. 


Fishes  as  Food  for  Man 


have  the  most  charming  of  scenic  sarroundings,  and,  finally,  all 
are  excellent  as  food,  not  in  the  first  rank  perhaps,  but  well 
above  the  secmid.     Notable  among  these  are  the  Etiropean 


Fig.  W. — RwDbow Trout,  SalmotrtdruiGibbons.     Sftcnunento  River, California. 


Fig.  91. — RAOgelev  Trout,  SalveiinuM  oquaaMa  (Girard).     Lake  Oquassa,  Maine. 


charr  {Salveliniis  alpimis),  the  American  speckled  trout  or  charr 
{Salvelimts  fontitujlis),  the  Dolly  Varden  or  malma  (Salvelttttis 
malma),  and  the  oquassa  trout  {Sahelinus  oquassa).     Scarcely 


>3« 
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less  attractive  are   the  true  trout,  the  brown  trout,  or  forelle 
{Salmo  fario),  in  Europe,  the  rainbow-trout    {Salmo    irideus). 


Flo.  93  — Steelhead  Trout,  Salmo  gavrdnen  Richardson.    Columbia  River. 

the    steelhead    {Sahno  gairdneri),  the  cut-throat  trout  (Salmo 
clarkii),  and   the  Tahoe   trout    iSabno  hcnshaun),   in    America, 


e  Trout,  Salmo  henskai 


CaUrorniti. 


and  the  yamabe  (Sahuo  perryi)  of  Japan.  Not  least  of  all 
these  is  the  flower  of  fishes,  the  grayUng  (Thymalhts),  of  difTer- 
ent  species  in  different  parts  of  the  world. 


Other  most  excellent  food-fishes  are  the  eel  (A  nguilla  species), 
the  pike  {Esox  lucius),  the  muskallonge  {Esox  masquinongy). 
the  sole  of  Europe  (Solea  ^o/ea),the  sardine  {Sardinella  pilchar- 
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dus),  the  atka-fish  (Pleurogrammus  monopterygius)  of  Bering 
Sea,  the  pescado  bianco  of  Lake  Chapala  (Chirostoma  estor  and 
other  species),  the  Hawjiiian  mullet  {Mugil  cephalus),  the  channel 


Fis.  97. — Atka-fish,  Pleurogrammiu  monopterygiut  (PaUon).     Atk*  laUod. 


catfish  (Ictalurus  fmnctatus),  the  turbot  (Scophlhalmus  maxtmus), 
the  barracuda  (Sphyrana),  and  the  young  of  various  sardines  and 
herring,  known   as  whitebait.      Of   large  fishes,  probably  the 


>38 
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swordfish  (Xiphias  gladius),  the  halibut  {Hippoghssus  hippo- 
glossus),  and  the  king-salmon,  or  quinnat  {Oncorhynckus  tsckawy- 
tscha),  may  be  placed  first.    Those  people  who  feed  on  raw  fish 


prefer  in  general  the  large  parrot-fishes  (as  Pseudoscarus  jordani 
in  Hawaii),  or  else  the  yoxmg  of  mullet  and  similar  species. 

Abundance  of  Food-fishes. — In  general,  the  economical  value 
of  any  species  depends  not  on  its  toothsomeness,  but  on  its 
abundance  and  the  ease  with  which  it  may  be  caught  and  pre- 


served. It  is  said  that  more  individuals  of  the  herring  (Clupea 
harengHs  in  the  Atlantic,  Clupea  paliasi  in  the  Pacific)  exist  than 
of  any  other  species.  The  herring  is  a  good  food-fish  and  when- 
ever it  runs  it  is  freely  sought.  According  to  Bjomson,  wherever 
the  school  of  herring  touches  the  coast  of  Norway,  there  a  village 
springs  up,  and  this  is  true  in  Scotland,  Newfoundland,  and 
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from  Killisnoo  in  Alaska  to  Otaru  in  Japan,  and  to  Strielolc  in 
Siberia.  Goode  estiniates  the  herring  product  of  the  North 
Atlantic  at  1,500,000,000  pounds  annually.  In  1881  Profussfjr 
Huxley  used  these  words: 


"  It  is  said  that  2,500,000,000  or  thereabfrtit  of  herring* 
are  every  year  taken  out  of  the  North  Sea  ami  the  Atlantic. 
Suppose  we  assume  the  number  to  be  3,000,000,000  wj  as  Ut  be 
quite  safe.     It  is  a  large  number  undoubtedly,  but  what  does 


Fia.  IftL -Striped  MnBet.  M»ra  rtpltai> 


WMwff  lf'>k,  M**>. 


it  come  to?  \ot  more  than  that  of  the  herrings  which  ma/  E<e 
contained  in  one  shoal,  if  ft  covers  half  a  d'/zcn  viijar";  rr.iles. 
and  sboals  of  ntacb  larger  size  are  on  rec/ird.  It  ts  ^afs  t/,  say 
that  scattered  throt^h  the  N'orth  Sea  an^I  the  Atlantic;,  at  f^ne 
and  the  same  tim«.  there  must  ^^  scores  of  shoaU,  any  one  of 
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which  would  go  a  long  way  toward  supplying  the  whole  of  man's 
consumption  of  herrings." 

The  codfish  (Gadus  callarias  in  the  Atlantic;  Gadus  jfiocro- 


Fio.  IM.— CodfisU,  Gadus  caUania  L.     Eastport,  Maine. 

cephalus  in  the  Pacific)  likewise  swarms  in  all  the  northern  seas, 
takes  the  hook  readily,  and  is  better  food  when  salted  and  dried 
than  it  is  when  fresh. 
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Next  in  economic  irnportance  probably  stands  the  mackerel 
of  the  Atlantic  {Scomber  scoinbriis),  a  rich,  oily  fish  which  bears 
salting  better  than  most. 


Fio.  105. — Mackerel.  Scainbcr  scombrus  L.      New  York. 

Not  less  important  is  the  great  king-salmon,  or  quinnat  (On- 
corhynchus  Ischaivytscha) .  and  the  still  more  valuable  blue-back 
salmon,  or  red-fish  {.Oncorkynchiis  nerka). 


Fig.  106.— Halibut.  Him 


St.  Paul  laiaud. 


The  salmon  of  the  Atlantic  (Salnto  salar),  the  various  species 
of  sturgeon  (Acipenser),  the  sardines  (Sardindla) ,  the  halibut 
iHtppoglosstis),  are  also  food-fishes  of  great  importance. 
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Variety  of  Tropical  Fishes. — In  the  tropics  no  one  species  is 
represented  by  enormous  numbers  of  individuals  as  is  the  case 
in  colder  regions.  On  the  other  hand,  the  number  of  species 
regarded  as  food-fishes  is  much  greater  in  any  given  port.  In 
Havana,  about  350  different  species  are  sold  as  food  in  the  mar- 
kets, and  an  equal  number  are  found  in  Honolulu.  Upward  of 
600  different  species  appear  in  the  markets  of  Japan.  In  Eng- 
land, on  the  contrary',  about  50  species  make  up  the  list  of  fishes 
ctjmmonly  used  as  food.  Yet  the  numl)er  of  individual  fishes 
is  probably  not  greater  about  Japan  or  Hawaii  than  in  a  similar 
stretch  of  British  coast. 

Economic  Fisheries. — \"olumes  ha\'c  been  written  on  the  eco- 
nomic value  of  the  different  species  of  fishes,  and  it  is  not  the 
purpose  of  the  present  work  to  stunmarize  their  contents. 


Tokyo. 


Efnuilly  v'.hmiini.us  is  th<.>  litrniluro  nn  Hie  .'subjt-ct  of  catch- 
In^'  fisliL's,  It  nini^'cs  in  qualily  iv<m^  the  (luaint  wisdom  of  the 
"C-.iiipk-at  .\ii:.,'Kt"  an.l  Hk-  'U-lk-iUi'  wit  nf  '■  Little  Rivers"  to 
c!:ib"r:it(.>  (Hscussimis  ■•\  ihe  most  vci  hk  ■niic  and  effective  forms 
an'l  ir,(.alnHls.  m1  the  bi.>uin-tniwl.  tlio  ] mrsf-w^ine,  and  the  cod- 
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fish  hook.  In  general,  fishes  are  caught  in  four  ways — by  baited 
hooks,  by  spears,  by  traps,  and  by  nets.  Special  local  methods, 
such  as  the  use  of  the  tamed  cormorant  *  in  the  catching  of  the 
ayu,  by  the  Japanese  fishermen  at  Gifu,  may  be  set  aside  for 
the  moment,  and  all  general  methods  of  fishing  come  tmder 
one  of  these  four  classes.  Of  these  methods,  the  hook,  the 
spear,  the  seine,  the  beam-trawl,  the  gill-net,  the  purse-net,  the 
sweep-net,,  the  trap  and  the  weir  are  the  most  important.  The 
use  of  the  hook  is  again  extremely  varied.  In  the  deep  sea 
long,  stuiken  lines  are  sometimes  used  for  codfish,  each  bait- 
ed with  many  hooks.  For  pelagic  fish,  a  baited  hook  is  drawn 
swiftly  over  the  surface,  with  a  "spoon"  attached  which 
looks  like  a  living  fish.  In  the  rivers  a  line  is  attached  to 
a  pole,  and  when  fish  are  caught  for  pleasure  or  for  the  joy  of 
being  in  the  woods,  recreation  rises  to  the  dignity  of  angling. 
Angling  may  be  accomplished  with  a  hook  baited  with  an  earth- 
worm, a  grasshopper,  a  living  fish,  or  the  larva  of  some  insect. 
The  angler  of  to-day,  however,  prefers  the  artificial  fly,  as  being 
more  workmanlike  and  also  more  effective  than  bait-fishing. 
The  man  who  fishes,  not  for  the  good  company  of  the  woods 
and  brooks,  but  to  get  as  many  fish  as  possible  to  eat  or  sell,  is 
not  an  angler  but  a  pot-fisher.  The  man  who  kills  all  the  trout 
he  can,  to  boast  of  his  skill  or  forttme,  is  technically  known  as 
a  trout-hog.  Ethically,  it  is  better  to  lie  about  your  great 
catches  of  fine  fishes  than  to  make  them.  For  most  anglers, 
also,  it  is  more  easy. 

Fisheries. — With  the  multiplicity  of  apparatus  for  fishing, 
there  is  the  greatest  variety  in  the  boats  which  may  be  used. 
The  fishing-fleet  of  any  port  of  the  world  is  a  most  interesting 

♦  The  cormorant  is  tamed  for  this  purp>ose.  A  harness  is  placed  about 
its  wings  and  a  ring  about  the  lower  part  of  its  neck.  Two  or  three  birds 
may  be  driven  by  a  boy  in  a  shallow  stream,  a  small  net  behind  him  to  drive 
the  fish  down  the  river.  In  a  large  river  like  that  of  Gifu.  where  the  cor- 
morants are  most  used,  the  fishermen  hold  the  birds  fr<-/m  the  boats  and  fish 
after  dark  by  torchlight.  The  bird  takes  a  great  interest  in  the  work,  darts 
at  the  fishes  with  great  eagerness,  and  tills  its  throat  and  gular  p^^uch  as 
far  down  as  the  ring.  Then  the  boy  takes  him  out  of  the  water,  holds  him 
by  the  leg  and  shakes  the  fishes  out  into  a  basket.  When  the  fi.shin::^  is  over 
the  ayn  are  preserved,  the  ring  is  taken  off  from  the  bird's  neck,  and  the  zako 
or  minnows  are  thrown  to  him  for  his  share.     These  he  devoiu^  greedily. 
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object,  as  are  also  the  fishermen  with  their  quaint  garb,  plain 
speech,  and  their  strange  songs  and  calls  with  the  hauling  in  of 
the  net. 

For  much  information  on  the  fishing  apparatus  in  use  in 


America  the  reader  is  referred  to  the  Reports  of  the  Fisheries  in 
the  Tenth  Census,  in  1880,  under  the  editorship  of  Dr.  George 
Brown  Goode.  In  these  reports  Goode,  Steams,  Earle,  Gilbert, 
Bean,  and  the  present  writer  have  treated  very  fully  of  all  eco- 
nomic relations  of  the  American  fishes.  In  an  admirable  work 
entitled  "American  Fishes."  Dr.  Goode,  with  the  fine  literary 
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touch  of  which  he  was  master,  has  fully  discotu-sed  of  the  game- 
and  food-fishes  of  America  with  especial  reference  to  the  habits 
and  methods  of  captiu'e  of  each.  To  these  soiu'ces,  to  Jordan 
and  Evermann's  *'  Food  and  Game  Fishes  of  North  America," 
and  to  many  other  works  of  similar  purport  in  other  lands,  the 
reader  is  referred  for  an  accotmt  of  the  economic  and  the 
human  side  of  fish  and  fisheries. 

Angling. — It  is  no  part  of  the  purpose  of  this  work  to  de- 
scribe the  methods  or  materials  of  angling,  still  less  to  sing  its 
praises  as  a  means  of  physical  or  moral  regeneration.  We  may 
perhaps  find  room  for  a  first  and  a  last  word  on  the  subject;  the 
one  the  classic  from  the  pen  of  the  angler  of  the  brooks  of  Staf- 
fordshire, and  the  other  the  fresh  expression  of  a  Stanford  stu- 
dent setting  out  for  streams  such  as  Walton  never  knew,  the 
Purissima,  the  Stanislaus,  or  perchance  his  home  streams,  the 
Provo  or  the  Bear. 

"  And  let  me  tell  you,  this  kind  of  fishing  with  a  dead  rod, 
and  laying  night-hooks,  are  like  putting  money  to  use ;  for  they 
both  work  for  the  owners  when  they  do  nothing  but  sleep,  or 
eat,  or  rejoice,  as  you  know  w^e  have  done  this  last  hour,  and 
sat  as  quietly  and  as  free  from  cares  tmder  this  sycamore  as 
Virgil's  Tityrus  and  his  Meliboeus  did  under  their  broad  beech- 
tree.  No  life,  my  honest  scholar, — no  life  so  happy  and  so 
pleasant  as  the  life  of  a  well-governed  angler;  for  when  the 
lawyer  is  swallowed  up  with  business  and  the  statesman  is  pre- 
venting or  contriving  plots,  then  we  sit  on  the  cowslip-banks, 
hear  the  birds  sing,  and  possess  oiu'selves  in  as  much  quietness 
as  these  silent  silver  streams  which  we  now  see  glide  so  quietly 
by  us.  Indeed,  my  good  scholar,  we  may  say  of  angling,  as 
Dr.  Boteler  said  of  strawberries,  *  Doubtless  God  cotild  have  made 
a  better  berry,  but  doubtless  God  never  did ' ;  and  so,  if  I  might 
be  judge,  'God  never  made  a  more  calm,  quiet,  innocent  recrea- 
tion than  angling. ' 

"  ril  tell  you,  scholar,  w^hen  I  sat  last  on  this  primrose-bank, 
and  looked  down  these  meadows,  I  thought  of  them  as  Charles 
the  Emperor  did  of  Florence,  'That  they  were  too  pleasant  to 
be  looked  on  but  only  on  holidays.' 

"  Gentle  Iz^k!  He  has  been  dead  these  many  years,  but 
his  disciples  are  still  faithful.     When  the  cares  of  business  lie 
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heavy  and  the  sound  of  wheels  jarring  on  cobbled  streets  grows 
painftil,  one's  fingers  itch  for  the  rod;  one  wotild  away  to  the 
quiet  brook  among  the  pines,  where  one  has  fished  so  often. 
Every  man  who  has  ever  got  the  love  of  the  stream  in  his  blood 
feels  often  this  longing. 

**  It  comes  to  me  each  year  with  the  first  breath  of  spring. 
There  is  something  in  the  sweetness  of  the  air,  the  growing 
things,  the  *  robin  in  the  greening  grass '  that  voices  it.  Duties 
that  have  before  held  in  their  performance  something  of  pleas- 
ure become  irksome,  and  practical  thoughts  of  the  day's  work 
are  replaced  by  dreamy  pictures  of  a  tent  by  the  side  of  a  moun- 
tain stream — close  enough  to  hear  the  water's  singing  in  the 
night.  Two  light  bamboo  rods  rest  against  the  tent-pole,  and 
a  little  colimm  of  smoke  rising  straight  up  through  the  branches 
marks  the  supper  fire.  Jack  is  preparing  the  evening  meal, 
and,  as  I  dream,  there  comes  to  me  the  odor  of  crisply  browned 
trout  and  sputtering  bacon — was  ever  odor  more  delicious? 
I  dare  say  that  had  the  good  Charles  Lamb  smelled  it  as  I  have, 
his  *  Dissertation  on  Roast  Pig '  would  never  have  been  written. 
But  then  Charles  Lamb  never  went  a-fishing  as  we  do  here  in 
the  west — we  who  have  the  mountains  and  the  fresh  air  so 
boundlessly. 

'*  And  neither  did  Izaak  Walton  for  that  matter.  He  who  is' 
sponsor  for  all  that  is  gentle  in  angling  missed  much  that  is 
best  in  the  sport  by  living  too  early.  He  did  not  experience 
the  exquisite  pleasure  of  wading  down  mountain  streams  in 
supposedly  water-proof  boots  and  feeling  the  water  trickling  in 
coolingly;  nor  did  he  know  the  joy  of  casting  a  gaudy  fly  far 
ahead  with  a  four-ounce  rod,  letting  it  drift,  insect-like,  over 
that  black  hole  by  the  tree  stump,  and  then  feeling  the  sea- 
weed line  slip  through  his  fingers  to  the  whirr  of  the  reel.  And, 
at  the  end  of  the  day,  supper  over,  he  did  not  squat  around  a 
big  camp-fire  and  light  his  pipe,  the  silent  darkness  of  the  moim- 
tains  gathering  round,  and  a  basketful  of  willow-packed  trout 
hung  in  the  clump  of  pines  by  the  tent.  Izaak's  idea  of  fishing 
did  not  ccmprehcnd  such  joy.  With  a  can  of  worms  and  a 
crude  hook,  he  passed  the  day  by  quiet  streams,  threading  the 
worms  on  his  hook  and  thinking  kindly  of  all  things.  The 
day's  meditations  over,  he  went  back  to  the  village,  and,  may- 
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"  To  my  mind,  there  is  no  real  sport  in  any  kind  of  fishing 
except  fly-fishing.  This  sitting  on  the  bank  of  a  muddy  stream 
with  your  bait  stmk,  waiting  for  a  bite,  may  be  conducive  to 
gentleness  and  patience  of  spirit,  but  it  has  not  the  joy  of  action 
in  which  a  healthy  man  revels.  How  much  more  sport  is  it  to 
clamber  over  fallen  logs  that  stretch  far  out  a-stream,  to  wade 
slipping  over  boulders  and  let  your  fly  drop  caressingly  on 
ripples  and  swirling  eddies  and  still  holes!  It  is  worth  all  the 
work  to  see  the  gleam  of  a  silver  side  as  a  half-poimder  rises, 
and,  with  a  flop,  takes  the  fly  excitedly  to  the  bottom.  And 
then  the  nervous  thrill  as,  with  a  deft  turn  of  the  wrist,  you 
hook  him  securely — whoever  has  felt  that  thrill  cannot  forget 
it.  It  will  come  back  to  him  in  his  law  office  when  he  should 
be  thinking  of  other  things;  and  with  it  will  come  a  longing 
for  that  dear  remembered  stream  and  the  old  days.  That  is 
the  hold  trout-fishing  takes  on  a  man. 

'*  It  is  spring  now  and  I  feel  the  old  longing  myself,  as  I 
always  do  when  life  comes  into  the  air  and  the  smell  of  new 
growth  is  sweet.  I  got  my  rod  out  to-day,  put  it  together, 
and  have  been  looking  over  my  flies.  If  I  cannot  use  them,  I 
can  at  least  muse  over  days  of  the  past  and  dream  of  those  to 
come.''     (Waldemar  Young.) 


CHAPTER  X 
THE  MYTHOLOGY  OF  FISHES 

HE  Mermaid. — A  word  may  be  said  of  the  fishes 
which  have  no  existence  in  fact  and  yet  appear  in 
popular  literattire  or  in  superstition. 

The  mermaid,  half  woman  and  half  fish,  has  been  one 
of  the  most  tenacious  among  these,  and  the  manufacture  of 
their  dried  bodies  from  the  head,  shoulders,  and  ribs  of  a 
monkey  sealed  to  the  body  of  a  fish  has  long  been  a  profitable 
industry  in  the  Orient.  The  sea-lion,  the  dugong,  and  other 
marine  mammals  have  been  mistaken  for  mermaids,  for  their 
faces  seen  at  a  distance  and  their  movements  at  rest  are  not 
inhuman,  and  their  Umbs  and  movements  in  the  water  are 
fishlike. 

In  China,  small  mermaids  are  very  often  made  and  sold  to 
the  curious.  The  head  and  torso  of  a  monkey  are  fastened 
ingeniously  to  the  body  and  tail  of  a  fish.  It  is  said  that  Lin- 
naeus was  once  forced  to  leave  a  town  in  Holland  for  question- 
ing the  genuineness  of  one  of  these  mermaids,  the  property  of 
some  high  official.  These  monsters  are  still  manufactured  for 
the  **  curio- trade. " 

The  Monk-fish. — Many  strange  fishes  were  described  in  the 
Middle  Ages,  the  interest  usually  centering  in  some  supposed 
relation  of  their  appearance  with  the  affairs  of  men.  Some  of 
these  find  their  way  into  Rondelet's  excellent  book,  **Histoire 
Enti^re  des  Poissons,''  in  1558.  Two  of  these  with  the  accom- 
panying plate  of  one  we  here  reproduce.  Other  myths  less 
interesting  grew  out  of  careless,  misprinted,  or  confused  ac- 
cotmts  on  the  part  of  naturalists  and  travelers. 

**  In  our  times  in  Norway  a  sea-monster  has  been  taken  after 

a  great  storm,  to  which  all  that  saw  it  at  once  gave  the  name  of 
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monk ;  for  it  had  a  man's  face,  rude  and  ungracious,  the  head 
shorn  and  smooth.  On  the  shoulders,  like  the  cloak  of  a  monk, 
were  two  long  fins  instead  of  arms,  and  the  end  of  the  body  was 
finished  by  a  long  tail.  The  picture  I  present  was  given  me  by 
the  very  illustrious  lady,  Margaret  de  Valois,  Queen  of  Navarre, 


(After  Rondetet.) 


who  received  it  from  a  gentleman  who  gave  a  similar  one  to 
the  emperor,  Charles  V.,  then  in  Spain.  This  gentleman  said 
that  he  had  seen  the  monster  as  the  portrait  shows  it  in  Nor- 
way, thrown  by  the  waves  and  tempests  on  the  beach  at  a  place 
called  Dieze,  near  the  town  called  Denelopoch.  I  have  seen  a 
similar  picture  at  Rome  not  differing  in  mien.  Among  the  sea- 
beasts,  Pliny  mentions  a  sea-mare  and  a  Triton  as  among  the 
creatures  not  imaginary.  Pausanias  also  mentions  a  Triton." 
Rondelet  further  says: 
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The  Bishop-fish. — "  I  have  seen  a  portrait  of  another  sea- 
monster  at  Rome,  whither  it  had  been  sent  with  letters  that 
affirmed  for  certain  that  in  1531  one  had  seen  this  monster  in 
a  bishop's  garb,  as  here  portrayed,  in  Poland.  Carried  to  the 
king  of  that  country,  it  made 
certain  signs  that  it  had  a 
great  desire  to  return  to  the 
sea.  Being  taken  thither  it 
threw  itself  instantly  into  the 
water." 

The  Sea-serpent. — A  myth  of 
especial  persistency  is  that  of 
th«  sea-serpent.  Most  of  the 
stories  of  this  creature  are  sea- 
man's yams,  sometimes  based 
on  a  fragment  oi  wreck,  a  long 
strip  of  kelp,  the  power  of  sug- 
gestion or  the  incitement  of 
alcohol.  But  certain  of  these 
tales  relate  to  real  fishes.  The 
sea-serpent  with  an  uprearing  ' 
red  mane  like  that  of  a  horse 
is  the  oarfish  (Regalecus),  a 
long,  slender,  fragile  fish  com- 
pressed like  a  ribbon  and 
reaching  a  length  of  25  feet. 
We  here  present  a  photograph 
of  an  oarfish  (Reealecus  rus-  Fio.  ill.— "Le  monttn  marin  m  hMt 
sela)  stranded  on  the  Cali- 
fornia coast  at  Newport  in  Orange  County,  California.  A  figure 
of  a  European  species  (Regalecus  glesne)  is  also  given  showing  the 
fish  in  its  iminjured  condition.  Another  reputed  sea-serpent  is 
the  frilled  shark  (Chlamydoselachus  angineus),  which  has  been 
occasionally  noticed  by  seamen.  The  struggles  of  the  great 
killer  (Orca  orca)  with  the  whales  it  attacks  and  destroys  has 
also  given  rise  to  stories  of  the  whale  struggling  in  the  embrace 
of  some  huge  sea-monster.  This  description  is  correct,  but  the 
mammal  is  a  monster  itself,  a  relative  of  the  whale  and  not  a 
reptile. 
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It  is  often  hard  to  account  for  some  of  the  stories  of  the  sea- 
serpent.  A  gentleman  of  imquestioned  intelligence  and  sincer- 
ity lately  dercribed  to  the  writer  a  sea-serpent  he  had  seen  at 
short  range,  100  feet  long,  swimming  at  the  surface,  and  with 
a  head  as  large  as  a  barrel.  I  do  not  know  what  he  saw,  but  I 
do  know  that  memory  sometimes  plays  strange  freaks. 

Little  venomous  snakes  with  flattened  tails  {Platyurus, 
Pelamis)  are  fotmd  in  the  salt  bays  in  many.tropical  regions  of 
the  Pacifie  (Gulf  of  California,  Panama,  East  Indies,  Japan), 
but  these  are  not  the  conventional  sea-serpents. 

Certain  slender  fishes,  as  the  thread-eel  (Nemichthys)  and 
the  wolf -eel  (Anarrhichthys) ,  have  been  brought  to  naturaUsts 
as  yotmg  sea-serpents,  but  these  of  course  are  genuine  fishes. 

Whatever  the  nature  of  the  sea-serpent  may  be,  this  much 
is  certain,  that  while  many  may  be  seen,  none  will  ever  be 
caught.  The  great  swimming  reptiles  of  the  sea  vanished  at 
the  end  of  Mesozoic  time,  and  as  living  creatures  will  never  be 
known  of  man. 

As  a  record  of  the  Mythology  of  Science,  we  may  add  the 
following  remarks  of  Rafinesque  on  the  imaginary  garpike 
{Litholepis  adamantinus) ,  of  which  a  specimen  was  painted  for 
him  by  the  wonderful  brush  of  Audubon : 

"  This  fish  may  be  reckoned  the  wonder  of  the  Ohio.  It  is 
only  fotmd  as  far  up  as  the  falls,  and  probably  lives  also  in  the 
Mississippi.  I  have  seen  it,  but  only  at  a  distance,  and  have 
been  shown  some  of  its  singular  scales.  Wonderful  stories  are 
related  concerning  this  fish,  but  I  have  principally  relied  upon 
the  description  and  picture  given  me  by  Mr.  Audubon.  Its 
length  is  from  4  to  10  feet.  One  was  caught  which  weighed 
400  potmds.  It  lies  sometimes  asleep  or  motionless  on  the 
surface  of  the  water,  and  may  be  mistaken  for  a  log  or  snag.  It 
is  impossible  to  take  it  in  any  other  way  than  with  the  seine 
or  a  very  strong  hook;  the  prongs  of  the  gig  cannot  pierce  the 
scales,  which  are  as  hard  as  flint,  and  even  proof  against  lead 
balls!  Its  flesh  is  not  good  to  eat.  It  is  a  voracious  fish.  Its 
vulgar  names  are  diamond-fish  (owing  to  its  scales  being  cut 
like  diamonds),  devil-fish,  jackfish,  garjack,  etc.  The  snout 
is  large,  convex  above,  very  obtuse,  the  eyes  small  and  black; 
nostrils  small,  rotmd  before  the  eyes;  mouth  beneath  the  eves, 
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transversal  with  large  angolar  teeth.  Pectoral  and  abdominal 
fins  trapezoidal.  Dorsal  and  anal  fins  equal,  longitudinal,  with 
many  rays.  Th^  whole  body  covered  with  large  stone  scales, 
lying  in  oblique  rows;  they  are  conical,  pentagonal  pentaedral, 
with  equal  sides,  from  half  an  inch  to  one- inch  in  diameter, 
brown  at  first  but  becoming  the  color  of  turtle-shell  when  dry. 
They  strike  fire  with  steel  and  are  bajl-proof  I " 


CHAPTER  XI 
THE  COLLECTION  OF  FISHES 

'OW  to  Secure  Fishes. — ^In  collecting  fishes  three  things 
are  vitally   necessary — a    keen    eye,   some    skill    in 
adapting    means     to     ends,    and    some    willingness 
to  take  pains  in  the  preserx'ation  of  material. 

In  coming  into  a  new  district  the  collector  should  try  to 
preserve  the  first  specimen  of  every  species  he  sees.  It  may 
not  come  up  again.  He  should  watch  carefully  for  specimens 
which  look  just  a  little  different  from  their  fellows,  especially 
for  those  which  are  duller,  less  striking,  or  with  lower  fins.  Many 
species  have  remained  imnoticed  through  generations  of  col- 
lectors who  have  chosen  the  handsomest  or  most  ornate  speci- 
mens. In  some  groups  with  striking  peculiarities,  as  the  trunk- 
fishes,  practically  all  the  species  were  known  to  Linnaeus.  No 
collector  could  pass  them  by.  On  the  other  hand,  new  gobies 
or  blennies  can  be  picked  up  almost  every  day  in  the  lesser 
known  parts  of  the  worid.  For  these  overiooked  forms — her- 
rings, anchovies,  sculpins,  blennies,  gobies,  scorpion-fishes — ^the 
competent  collector  should  be  always  on  the  watch.  If  any 
specimen  looks  different  irom  the  rest,  take  it  at  once  and  find 
out  the  reason  why. 

In  most  regions  the  chief  dependence  of  the  collector  is  on 
the  markets  and  these  should  be  watched  most  critically.  By 
pa\'ing  a  little  more  for  unusual,  neglected,  or  useless  fish,  the 
supply  of  these  will  rise  to  the  demand.  The  word  passed 
along  among  the  people  of  Onomichi  in  Japan,  that  "Ebisu 
the  fish-god  was  in  the  village*'  and  would  pay  more  for 
okose  (poison  scorpion-fishes)  and  umiiuna  (sea-horses)  than 
real  fishes  were  worth  soon  brought  (in  1900)  all  sorts  of  okose 
and  imiiuma  into  the  market  when  they  were  formeriy  left 
neglected  on  the  beach.  Thus  with  a  little  ingenuity  the  mar- 
kets in  any  country  can  be  greatly  extended. 

^57 
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The  collector  can,  if  he  thinks  best,  use  all  kinds  of  fishing 
tackle  for  himself.  In  Japan  he  can  use  the  "dabonawa"  long 
lines,  and  secure  the  fishes  which  were  otherwise  dredged  by 
the  Challenger  and  Albatross.  If  dredges  or  trawls  are  at  his 
hand  he  can  hire  them  and  use  them  for  scientific  purposes. 
He  should  neglect  no  kind  of  bottom,  no  conditions  of  fish  life 
which  he  can  reach. 

Especially  important  is  the  faima  of  the  tide-pools,  neg- 
lected by  almost  all  collectors.  As  the  tide  goes  down,  espe- 
cially on  rocky  capes  which  project  into  the  sea,  myriads  of 
little  fishes  will  remain  in  the  rock-pools,  the  algae,  and  the  clefts 
of  rock.  In  regions  like  California,  where  the  rocks  are  buried 
with  kelp,  blennies  will  lie  in  the  kelp  as  quiescent  as  the 
branches  of  the  algae  themselves  imtil  the  flow  of  water  returns. 

A  sharp  three-tined  fork  will  help  in  spearing  them.  The 
water  in  pools  can  be  poisoned  on  the  coast  of  Mexico  with  the 
milky  juice  of  the  "hava*'  tree,  a  tree  which  yields  strychnine. 
In  default  of  this,  pools  can  be  poisoned  by  chloride  of  lime, 
stdphate  of  copper,  or,  if  small  enough,  by  formalin.  Of 
all  poisons  the  commercial  chloride  of  lime  seems  to  be  most 
effective.  By  such  means  the  contents  of  the  pool  can  be 
secured  and  the  next  tide  carries  away  the  poison.  The 
water  in  pools  can  be  bailed  out,  or,  better,  emptied  by  a 
siphon  made  of  small  garden-hose  or  rubber  tubing.  On 
rocky  shores,  dynamite  can  be  used  to  advantage  if  the  col- 
lector or  his  assistant  dare  risk  it  and  if  the  laws  of  the 
country  do  no  prevent. 

Most  effective  in  rock-pool  work  is  the  help  of  the  small 
boy.  In  all  lands  the  collector  will  do  well  to  take  him  into 
his  pay  and  confidence.  Of  the  hundred  or  more  new  species 
of  rock-pool  fishes  lately  secured  by  the  writer  in  Japan,  ftdly 
two-thirds  were  obtained  by  the  Japanese  boys.  Equally 
effective  is  the  "muchacho''  on  the  coasts  of  Mexico. 

Masses  of  coral,  sponges,  tunicates,  and  other  porous  or 
hollow  organisms  often  contain  small  fishes  and  should  be  care- 
fully examined.  On  the  coral  reefs  the  breaking  up  of  large 
masses  is  often  most  remunerative. 

The  importance  of  securing  the  yotmg  of  pelagic  fishes  by 
tow-nets  and  otherwise  cannot  be  too  strongly  emphasized. 
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How  to  Preserve  Fishes. — Fishes  must  be  permanently  pre- 
served in  alcohol.  Dried  skins  are  far  from  satisfactory,  except 
as  a  choice  of  diffictdties  in  the  case  of  large  species. 

Dr.  Gunther  thus  describes  the  process  of  skinning  fishes: 

"  Scaly  fishes  are  skinned  thus :  With  a  strong  pair  of  scissors 
an  incision  is  made  along  the  median  line  of  the  abdomen  from 
the  foremost  part  of  the  throat,  passing  on  one  side  of  the  base 
of  the  ventral  and  anal  fins  to  the  root  of  the  caudal  fin,  the 
cut  being  continued  upward  to  the  back  of  the  tail  close  to 
the  base  of  the  caudal.  The  skin  of  one  side  of  the  fish  is  then 
severed  with  the  scalpel  from  the  tmderlying  muscles  to  the 
median  Une  of  the  back ;  •  the  bones  which  support  the  dorsal 
and  caudal  are  cut  through,  so  that  these  fins  remain  attached 
to  the  skin.  The  removal  of  the  skin  of  the  opposite  side  is 
easy.  More  difficult  is  the  preparation  of  the  head  and  scapu- 
lary  region.  The  two  halves  of  the  scapular  arch  which  have 
been  severed  from  each  other  by  the  first  incision  are  pressed 
toward  the  right  and  left,  and  the  spine  is  severed  behind  the 
head,  so  that  now  only  the  head  and  shoulder  bones  remain 
attached  to  the  skin.  These  parts  have  to  be  cleaned  from 
the  inside,  all  soft  parts,  the  branchial  and  hyoid  apparatus, 
and  all  smaller  bones  being  cut  away  with  the  scissors  or  scraped 
off  with  the  scalpel.  In  many  fishes  which  are  provided  with 
a  characteristic  dental  apparatus  in  the  pharynx  (Labroids, 
Cyprinoids),  the  pharyngeal  bones  ought  to  be  preserved  and 
tied  with  a  thread  to  their  specimen.  The  skin  being  now 
prepared  so  far,  its  entire  inner  surface  as  well  as  the  inner  side 
of  the  head  are  rubbed  with  arsenical  soap;  cotton-wool  or 
some  other  soft  material  is  inserted  into  any  cavities  or  hol- 
lows, and  finally  a  thin  layer  of  the  same  material  is  placed 
between  the  two  flaps  of  the  skin.  The  specimen  is  then  dried 
tmder  a  slight  weight  to  keep  it  from  shrinking. 

**The  scales  of  some  fishes,  as  for  instance  of  many  kinds  of 
herrings,  are  so  delicate  and  deciduous  that  the  mere  handling 
causes  them  to  rub  off  easily.  Such  fishes  may  be  covered 
with  thin-paper  (tissue  paper  is  the  best)  which  is  allowed  to 
dry  on  them  before  skinning.  There  is  no  need  for  removing 
the  paper  before  the  specimen  has  reached  its  destination. 

"  Scaleless  fishes,  as  siluroids  and  sturgeons,  are  skinned  in 


1 6o  The  Collection  of  Fishes 

the  same  manner,  but  the  skin  can  be  rolled  up  over  the  head; 
such  skins  can  also  be  preserved  in  spirits,  in  which  case  the 
traveler  may  save  to  himself  the  trouble  of  cleaning  the  head. 

**  Some  sharks  are  known  to  attain  to  a  length  of  thirty  feet, 
and  some  rays  to  a  width  of  twenty  feet.  The  preservation  of 
such  gigantic  specimens  is  much  to  be  recommended,  and 
although  the  difficulties  of  preserving  fishes  increase  with  their 
size,  the  operation  is  facilitated,  because  the  skins  of  all  sharks 
and  rays  can  easily  be  preserved  in  salt  and  strong  brine. 
Sharks  are  skinned  much  in  the  same  way  as  ordinary  fishes. 
In  rays  an  incision  is  made  not  only  from  the  snout  to  the  end 
of  the  fleshy  part  of  the  tail,  but  also  a  second  across  the  widest 
part  of  the  body.  When  the  skin  is  removed  from  the  fish, 
it  is  placed  into  a  cask  with  strong  brine  mixed  with  alum, 
the  head  occupying  the  upper  part  of  the  cask ;  this  is  necessary, 
because  this  part  is  most  likely  to  show  signs  of  decomposition, 
and  therefore  most  requires  supervision.  When  the  preserving 
fluid  has  become  decidedly  weaker  from  the  extracted  blood 
and  water,  it  is  thrown  away  and  replaced  by  fresh  brine.  After 
a  week's  or  fortnight^s  soaking  the  skin  is  taken  out  of  the  cask 
to  allow  the  fluid  to  drain  off;  its  inner  side  is  covered  with  a 
thin  layer  of  salt,  and  after  being  rolled  up  (the  head  being 
inside)  it  is  packed  in  a  cask  the  bottom  of  which  is  covered 
with  salt ;  all  the  interstices  and  the  top  are  likewise  filled  with 
salt.     The  cask  must  be  perfectly  water-tight.'' 

Value  of  Formalin. — In  the  field  it  is  much  better  to  use 
formalin  (formaldehyde)  in  preference  to  alcohol.  This  is  an 
antiseptic  fluid  dissolved  in  water,  and  it  at  once  arrests  decay, 
leaving  the  specimen  as  though  preserved  in  water.  If  left 
too  long  in  formalin  fishes  swell,  the  bones  are  softened,  and 
the  specimens  become  brittle  or  even  worthless.  But  for  ordi- 
nar>^  purposes  (except  use  as  skeleton)  no  harm  arises  from  two 
or  three  months'  saturation  in  formalin.  The  commercial 
formalin  can  be  mixed  with  about  twenty  parts  of  water.  On 
the  whole  it  is  better  to  have  the  solution  too  weak  rather  than 
too  strong.  Too  much  formalin  makes  the  specimens  stiff, 
swollen,  and  intractable,  besides  too  soon  destroying  the  color. 

Formalin  has  the  advantage,  in  collecting,  of  cheapness 
and  of  ease  in  transportation,  as  a  single  small  bottle  will  make 
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a  large  amount  of  the  fluid.  The  specimens  also  require  much 
less  attention.  An  incision  should  be  made  in  the  (right)  side 
of  the  abdomen  to  let  in  the  fluid.  The  specimen  can  then  be 
placed  in  formalin.  When  saturated,  in  the  course  of  the  day, 
it  can  be  wrapped  in  a  cloth,  packed  in  an  empty  petroleimi 
can,  and  at  once  shipped.  The  vnde  use  of  petroleiun  in  all 
parts  of  the  world  is  a  great  boon  to  the  naturalist. 

Before  preser\''ation,  the  fishes  should  be  washed,  to  remove 
slime  and  dirt.  They  should  have  an  incision  to  let  the  fluid 
into  the  body  cavity  and  an  injection  w4th  a  syringe  is  a  useful 
help  to  saturation,  especially  \s4th  large  fishes.  Even  decay- 
ing fishes  can  be  saved  with  formalin. 

Records  of  Fishes. — The  collector  should  mark  localities 
most  carefully  with  tin  tags  and  note-book  records  if  possible. 
He  should,  so  far  as  possible,  keep  records  of  life  colors,  and 
water-color  sketches  are  of  great  assistance  in  this  matter.  In 
spirits  or  formalin  the  life  colors  soon  fade,  although  the  pat- 
tern of  marking  is  usually  preserved  or  at  least  indicated.  A 
mixture  of  formalin  and  alcohol  is  favorable  to  the  preserva- 
tion of  markings. 

In  the  museum  all  specimens  should  be  removed  at  once 
from  formalin  to  alcohol.  No  substitute  for  alcohol  as  a  per- 
manent preservative  has  been  found.  The  spirits  derived 
from  wine,  grain,  or  sugar  is  much  preferable  to  the  poisonous 
methyl  or  wood  alcohol. 

In  placing  specimens  directly  into  alcohol,  care  should  be 
taken  not  to  crowd  them  too  much.  The  fish  yields  water 
which  dilutes  the  spirit.  For  the  same  reason,  spirits  too  dilute 
are  ineffective.  On  the  other  hand,  delicate  fishes  put  into 
very  strong  alcohol  are  likely  to  shrivel,  a  condition  which  may 
prevent  an  accurate  study  of  their  fins  or  other  structures.  It 
is  usually  necessary  to  change  a  fish  from  the  first  alcohol  used 
as  a  bath  into  stronger  alcohol  in  the  course  of  a  few  days,  the 
time  depending  on  the  closeness  with  which  fishes  are  packed. 
In  the  tropics,  fishes  in  alcohol  often  require  attention  within 
a  few  hours.  In  formalin  there  is  much  less  difficulty  with 
tropical  fishes. 

Pishes  intended  for  skeletons  should  never  be  placed  in 
formalin.     A   softening   of   the   bones  which   prevents   future 
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exact  studies  of  the  bones  is  sure  to  take  place.  Generally 
alcohol  or  other  spirits  (arrack,  brandy,  cognac,  rum,  sake 
"vino")  can  be  tested  with  a  match.  If  sufficiently  concen- 
trated to  be  ignited,  they  can  be  safely  used  for  preservation 
of  fishes.  The  best  test  is  that  of  the  hydrometer.  Spirits 
for  permanent  use  should  show  on  the  hydrometer  40  to  60 
above  proof.  Decaying  specimens  show  it  by  color  and  smell 
and  the  collector  should  be  alive  to  their  condition.  One  rot- 
ting fish  may  endanger  many  others.  With  alcohol  it  is  neces- 
sary to  take  especial  pains  to  ensure  immediate  saturation. 
Deep  cuts  should  be  made  into  the  muscles  of  large  fishes  as 
well  as  into  the  body  caxaty.  Sometimes  a  small  distilling 
apparatus  is  useful  to  redistil  impiu'e  or  dilute  alcohol.  The 
use  of  formalin  avoids  this  necessity. 

Small  fishes  should  not  be  packed  with  large  ones;  small 
bottles  are  very  desirable  for  their  preservation.  All  spinous 
or  scaly  fishes  should  be  so  wrapped  in  cotton  muslin  as  to 
prevent  all  friction. 

Eternal  Vigilance. — The  methods  of  treating  individual 
groups  of  fishes  and  of  handling  them  imder  different  climatic 
and  other  conditions  are  matters  to  be  learned  by  experience. 
Eternal  vigilance  is  the  price  of  a  good  collection,  as  it  is  said 
to  be  of  some  other  good  things.  Mechanical  collecting — pick- 
ing up  the  thing  got  without  effort  and  putting  it  in  alcohol 
without  further  thought — rarely  serves  any  useful  end  in  science. 
The  best  collectors  are  usually  the  best  naturalists.  The  col- 
lections made  by  the  men  who  are  to  study  them  and  who  are 
competent  to  do  so  are  the  ones  which  most  help  the  progress 
of  ichthyolog\^  The  student  of  a  group  of  fishes  misses  half 
the  collection  teaches  if  he  has  made  no  part  of  it  himself. 
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THE  LEPTOCARDII,  OR  LANCELETS 

Lancelet, — The  lancelet  is  a  vertebrate  reduced  to 
its  very  lowest  terms.  The  essential  organs  of  ver- 
tebrate life  are  there,  but  each  one  in  its  simplest  form 
unspecialized  and  with  structure  and  f imction  feebly  differen- 
tiated. The  skeleton  consists  of  a  cartilaginous  notochord  in- 
closed in  a  membranous  sheath.  There  is  no  skull.  No  limbs, 
no  conspicuous  processes,  and  no  vertebrae  are  present.  The  heart 
is  simply  a  long  contractile  tube,  hence  the  name  Leptocardii 
(from  Xenro^^  slender;  xap^ia,  heart).  The  blood  is  colorless. 
There  is  a  hepatic  portal  circulation.  There  is  no  brain,  the 
spinal  cord  tapering  in  front  as  behind.  The  water  for  respira- 
tion passes  through  very  many  gill-slits  from  the  pharjoix  into 
the  atrium,  from  which  it  is  excluded  through  the  atripore  in 
front  of  the  vent.  A  large  chamber,  called  the  atritun,  extends 
almost  the  length  of  the  body  along  the  ventral  and  lateral 
regions.  It  communicates  with  the  pharynx  through  the  gill- 
slits  and  with  the  exterior  through  a  small  opening  in  front 
of  the  vent,  the  atripore.  The  atritun  is  not  found  in  forms 
above  the  lancelets. 

The  reproductive  organs  consist  of  a  series  of  pairs  of  seg- 
mentaUy  arranged  gonads.  The  excretory  organs  consist  of 
a  series  of  tubules  in  the  r^;ion  of  the  pharynx,  connecting  the 
body-cavity  with  the  atrium.  The  mouth  is  a  lengthwise  slit 
without  jaws,  and  on  either  side  is  a  row  of  fringes.  Prom  this 
feature  comes  the  name  Cirrostami,  from  cirrus,  a  fringe  of 
hair,  and  aTOfia^  mouth.  The  body  is  lanceolate  in  form,  sharp 
at  either  end.  Prom  this  fact  arises  a  third  name,  Amphioxus, 
from  ff/c^  both;  o£vs^  sharp.     Dorsal  and  anal  fins  are  de- 

vdoped  as  folds  of  the  skin  supported  by  very  slender  rays. 
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There  are  no  other  fins.  The  alimentary  canal  is  straight,  and 
is  differentiated  into  pharynx  and  intestine ;  the  liver  is  a  blind 
sac  arising  from  the  anterior  end  of  the  intestine.  A  pigment 
spot  in  the  wall  of  the  spinal  cord  has  been  interpreted  as  an 
eye.  Above  the  snout  is  a  supposed  olfactory  pit  which  some 
have  thought  to  be  connected  with  the  pineal  structure.  The 
muscular  impressions  along  the  sides  are  very  distinct  and  it 
is  chiefly  by  means  of  the  variation  in  numbers  of  these  that 
the  species  can  be  distinguished.  Thus  in  the  common  lance- 
let  of  Europe,  Branchiostoma  lanceolatiim,  the  muscular  bands 
are  35+14  +  12=61.  In  the  common  species  of  the  Eastern 
coasts  of  America,  Branchiostoma  caribcuum,  these  are  35+14 
+  9  =  58,  while  in  the  California  lancelet,  Branchiostoma  cali- 
forniense,  these  are  44  +  16+9=69. 

Habits  of  Lancelets. — Lancelets  are  slender  translucent  worm- 
like creatures,  varying  from  half  an  inch  {Asymmetron  lucaya- 
num)  to  four  inches  {Branchiostoma  californiense)  in  length. 
They  live  buried  in  sand  in  shallow  waters  along  the  coasts  of 
warm  seas.  One  species,  Amphioxides  pelagicus,  has  been  taken 
at  the  depth  of  1000  fathoms,  but  whether  at  the  bottom 
or  floating  near  the  surface  is  not  known.  The  spepies  are  very 
tenacious  of  life  and  will  endure  considerable  mutilation.  Some 
of  them  are  found  on  almost  every  coast  in  semi-tropical  and 
tropical  regions. 

Species  of  Lancelets. — The  Mediterranean  species  ranges  north- 
ward to  the  south  of  England.  Others  are  found  as  far  north 
as  Chesapeake  Bay,  San  Diego,  and  Misaki  in  Japan,  where  is 
foimd  a  species  called  Branchiostoma  belcher i.  The  sands  at 
the  mouth  of  San  Diego  Bay  are  noted  as  producing  the  largest 
of  the  species  of  lancelets,  Branchiostoma  californiense.  From 
the  Bahamas  comes  the  smallest,  the  type  of  a  distinct  genus, 
Asymmetron  lucayanmn,  distinguished  among  other  things  by 
a  projecting  tail.  Other  supposed  genera  are  Amphioxides 
(pelagicus),  dredged  in  the  deep  sea  off  Hawaii  and  supposed 
to  be  pelagic,  the  mouth  without  cirri;  Epigonichthys  (cultellus), 
from  the  East  Indies,  and  Heteroplenron  {bassanum),  from  Bass 
Straits,  Australia.  These  little  animals  are  of  great  interest 
to  anatomists  as  giving  the  clue  to  the  primitive  structure  of 
vertebrates.     While  possibly  these  have  diverged  widely  from 
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their  actual  common  ancestry  iirith  the  fishes,  they  must  ap^ 
preach  near  to  these  in  many  ways.  Their  simplicity  is  largely 
primitive,  not,  as  in  the  Tunicates,  the  result  o£  subsequent 
degradation. 

The  lancelets,  less  than  a  dozen  species  in  all.  constitute  a 
single  family,  Branchtostomidtr.  The  principal  genus,  Branchi- 
ostoma,  is  usually  called  Amphioxtis  by  anatomists.     But  while 
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the  name  Amphioxus,  like  lancelet,  is  convenient  in  vernacular 
use,  it  has  no  standing  in  systematic  nomenclature.  The  name 
Branchiostoma  was  given  to  lancelets  from  Naples  in  1834,  by 
Costa,  while  that  of  Amphioxus,  given  to  specimens  from  Corn- 
wall, dates  from  Yarrell's  work  on  the  British  hshes  in  1836, 
The  name  Amphioxus  may  be  pleasanter  or  shorter  or  more 
familiar  or  more  correctly  descriptive  than  Branchiostonia,  but 
if  so  the  fact  cannot  be  considered  in  science  as  affecting  the 
duty  of  priority. 

The  name  Acraniata  {without  skull)  is  often  used  for  the 
lower  Chordates  taken  collectively,  and  it  is  sometimes  applied 
to  the  lancelets  alone.  It  refers  to  those  chordate  forms  which 
have  no  skull  nor  brain,  as  distinguished  from  the  Cranwta. 
or  forms  with  a  distinct  brain  having  a  bony  or  cartilaginous 
capsule  for  its  protection. 

Origin  o(  Lancelets. — It  is  doubtless  true,  as  Dr.  Willey  sug- 
gests, that  the  Vertebrates  became  separated  from  their  worm- 
like ancestry  through  "  the  concentration  of  the  central  nervous 
system  along  the  dorsal  side  of  the  body  and  its  conversion 
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into  a  hollow  tube."  Besides  this  trait  two  others  are  common 
to  all  of  them,  the  presence  of  the  gill-sUts  and  that  of  the  noto- 
chord.  The  gill-sUts  may  have  served  primarily  to  relieve  the 
stomach  of  water,  as  in  the  lowest  forms  they  enter  directly  into 
the  body-cavity.  The  primitive  fimction  of  the  notochord  is 
still  far  from  clear,  but  its  ultimate  use  of  its  structures  in 
affording  protection  and  in  furnishing  a  fulcrum  for  the  muscles 
and  limbs  is  of  the  greatest  importance  in  the  processes  of  life. 


Fia.  116. — Gill-basket  of  Lamprey. 


CHAPTER  XIII 

THE  CYCLOSTOMES,  OR   LAMPREYS 

IJHE  Lampreys. — Passing  upward  from  the  lancelets  and 
setting  aside  the  descending  series  of  Ttinicates,  we 
have  a  long  step  indeed  to  the  next  class  of  fish-like 
vertebrates.  Dtiring  the  period  this  great  gap  represents  in 
time  we  have  the  development  of  brain,  skidl,  heart,  and  other 
differentiated  organs  replacing  the  simple  structures  foxmd  in 
the  lancelet. 

The  presence  of  brain  without  limbs  and  without  coat-of- 
mail  distinguishes  the  class  of  Cyclosiomes,  or  lampreys  {kvkXos^ 
roimd ;  arofux,  mouth) .  This  group  is  also  known  as  Marsipo- 
branchi  {fiapainiov,  pouch;  /Spayxos,  gill);  Dertnopieri  (SepMa, 
skin;  Tcrepov,  fin);  and  Myzonies  (/AvQaco,  to  suck).  It  includes 
the  forms  known  as  lampreys,  slime-eels,  and  hagfishes. 

Structure  of  the  Lamprey. — Comparing  a  Cyclostome  with  a 
lancelet  we  may  see  many  evidences  of  specialization  in  struc- 
ture. The  Cyclostome  has  a  distinct  head  with  a  cranium 
formed  of  a  continuous  body  of  cartilage  modified  to  contain  a 
fish-like  brain,  a  cartilaginous  skeleton  of  which  the  cranitmi 
is  evidently  a  differentiated  part.  The  vertebrae  are  imdeveloped, 
the  notochord  being  surrounded  by  its  membranes,  without 
bony  or  cartilaginous  segments.  The  gills  have  the  form  of 
fixed  sacs,  six  to  fourteen  in  ntmiber,  on  each  side,  arranged 
in  a  cartilaginous  structure  known  as  "branchial  basket"  (fig. 
1 1 6),  the  elements  <  f  which  are  not  clearly  homologotis  with  the 
gill-arches  of  the  true  fishes.  Fish-hke  eyes  are  developed  on  the 
sides  of  the  head.  There  is  a  median  nostril  associated  with 
a  pituitary  pouch,  which  pierces  the  skull  floor.  An  ear-capsule 
is  developed.     The  brain   !s  composed   of   paired   ganglia  in 

general  appearance  resembling  the  brain  of  the  true  fish,  but 
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the  detailed  homology  of  its  different  parts  offers  considerable 
uncertainty.  The  heart  is  modified  to  form  two  pulsating 
cavities,  auricle  and  ventricle.  The  folds  of  the  dorsal  and 
anal  fins  are  distinct,  supported  by  slender  rays. 

The  mouth  is  a  roimdish  disk,  with  rasping  teeth  over  its 
surface  and  with  sharper  and  stronger  teeth  on  the  tongue. 
The  intestine  is  straight  and  simple.  The  kidney  is  represented 
by  a  highly  primitive  pronephros  and  no  trace  exists  of  an 
air-bladder  or  lung.  The  skin  is  smooth  and  naked,  some- 
times secreting  an  excessive  quantity  of  slime. 

From  the  true  fishes  the  Cyclostomes  differ  in  the  total 
absence  cf  limbs  and  of  shoulder  and  pelvic  girdles,  as  well  as 
of  jaws.  It  has  been  thought  by  some  writers  that  the  limbs 
were  ancestrally  present  and  lost  through  degeneration,  as  in 
the  eels.  Dr.  Ayers,  following  Huxley,  finds  evidence  of  the 
ancestral  existence  of  a  lower  jaw.  The  majority  of  observers, 
however,  regard  the  absence  of  limbs  and  jaws  in  Cyclo- 
stomes as  a  primitive  character,  although  numerous  other  features 
of  the  modem  hagfish  and  lamprey  may  have  resulted  from 
degeneration.  There  is  no  clear  evidence  that  the  class  of 
Cyclostomes,  as  now  known  to  us,  has  any  great  antiquity,  and 
its  members  may  be  all  degenerate  offshoots  from  types  of 
greater  complexity  of  structure. 

Supposed  Extinct  Cyclostomes.  —  No  fossil  Cyclostomes  are 
known.  The  strange  forms  called  Conodontes,  thought  for  a 
time  to  be  teeth  of  lampreys,  are  probably  teeth  of  worms,  or 
perhaps  appendages  of  Trilobites.  The  singular  fossil,  Palcro- 
spondylus,  once  supposed  to  be  a  lamprey,  it  is  certain  belongs 
to  some  higher  order. 

Orders  of  Cyclostomes. — The  known  Cyclostomes  are  natu- 
rally divided  into  two  orders,  the  Hyperoireta,  or  hagfishes,  and 
the  Hyperoartia,  or  lampreys.  These  two  orders  are  very  dis- 
tinct from  each  other.  While  the  two  groups  agree  in  the  general 
form  of  the  body,  they  differ  in  almost  every  detail,  and  there  is 
much  pertinence  in  Lankester*s  suggestions  that  each  should 
stand  as  a  separate  class.  The  ancestral  forms  of  each,  as  well 
as  the  intervening  types  if  such  ever  existed,  are  left  tmrecorded 
in  the  rocks. 

The  Hyperotreta,  or  Hagfishes. — The  Hyperotreta  (vTtQpoa,  pal-^ 
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ate;  rperas^  perforate),  or  hagfishes,  have  the  nostril  highly 
developed,  a  tube-like  cylinder  with  cartilaginous  rii^  pene- 
trating the  palate.  In  these  the  eyes  are  little  developed  and 
the  species  are  parasitic  on  other  fishes.  In  Polisiotrema  sUmti^ 
the  hagfish  of  the  coast  of  California,  is  parasitic  on  large  fishes, 
rockfishes,  or  flounders.  It  usually  fastens  itself  at  the  throat 
or  isthmus  of  its  host  and  sometimes  at  the  eyes.  Thence  it 
works  ver\-  rapidly  to  the  inside  of  the  body.  It  there  devours 
all  the  muscular  part  of  the  fish  without  breaking  the  skin  or 
the  peritonetim,  lea\nng  the  fish  a  Uving  hulk  of  head,  skin,  and 
bones.  It  is  especially  destructive  to  fishes  taken  in  gill-nets. 
The  voracity  of  the  Chilean  species  Polisiotrema  dofnbeyi  is  equally 
remarkable.  Dr.  Federico  T.  Delfin  finds  that  in  seven  hours  a 
hagfish  of  this  species  will  devour  eighteen  times  its  own  weight 
of  fish-flesh.  The  intestinal  canal  is  a  simple  tube,  through 
which  most  of  the  food  passes  undigested.  The  ^gs  are  large, 
each  in  a  yellowish  homy  case,  at  one  end  of  which  are  barbed 
threads  by  which  they  cling  together  and  to  kelp  or  other  objects. 
In  the  California  hagfish,  Polistotretna  stoiUi,  great  ntmibers  of 
these  eggs  have  been  found  in  the  stomachs  of  the  males. 

Similar  habits  are  possessed  by  all  the  species  in  the  two 
families,    MyxinidUe   and   Eptairctid<r.     In   the   Myxinida   the 


Fig.  117. — California  Hagfish,  Poiittotrema  tUmii 

gil!-openings  are  apparently  single  on  each  side,  the  six  gills 
being  internal  and  leading  by  six  separate  ducts  to  each  of 
the  six  branchial  sacs.  The  skin  is  excessively  slimy,  the  ex- 
tensible tongue  is  armed  with  two  cone-like  series  of  strong 
4eeth.    About  the  mouth  are  eight  barbels. 


1 70  The  CyclostomeSy  or  Lampreys 

Of  Myxine^  ntimerous  species  are  known — Myxine  glutinosa, 
in  the  north  of  Europe ;  Myxine  limosa,  of  the  West  Atlantic ; 
Myxine  australis,  and  several  others  about  Cape  Horn,  and 
Myxine  garmani  in  Japan.  All  live  in  deep  waters  and  none 
have  been  fully  studied.  It  has  been  claimed  that  the  hagfish 
is  male  when  young,  many  individuals  gradually  changing  to 
female,  but  this  conclusion  lacks  verification  and  is  doubtless 
without  foundation. 

In  the  EptatretidcB  the  gill-openings,  six  to  fotirteen  in  number, 
are  externally  separate,  each  with  its  own  branchial  sac  as  in 
the  lampreys. 

The  species  of  the  genus  Eptatretus  (Bdellostoma,  Heptatrema, 
and  Homea,  all  later  names  for  the  same  group)  are  found  only 
in  the  Pacific,  in  California,  Chile,  Patagonia,  South  Africa,  and 
Japan.  In  general  appearance  and  habits  these  agree  with  the 
species  of  Myxine,  The  species  with  ten  to  fourteen  gill-openings 
{dombeyi :  stouti)  are  sometimes  set  off  as  a  distinct  gentis  (Polis- 
totrema),  but  in  other  regards  the  species  differ  little,  and  fre- 
quent individual  variations  occur.  Eptatretus  burgeri  is  found 
in  Japan  and  Eptatretus  forsteri  in  Australia. 

The  Hjrperoartia,  or  Lampreys. — In  the  order  Hyperoartia,  or 
lampreys,  the  single  nostril  is  a  blind  sac  which  does  not  pene- 
trate the  palate.  The  seven  gill-openings  lead  each  to  a  sepa- 
rate sac,  the  skin  is  not  especially  covered  with  mucus,  the  eyes 
are  well  developed  in  the  adult,  and  the  mouth  is  a  rotmd  disk 
armed  with  rasp-like  teeth,  the  comb-like  teeth  on  the  tongue 
being  less  developed  than  in  the  hagfishes.  The  intestine  in 
the  lampreys  has  a  spiral  valve.  The  eggs  are  small  and  are 
usually  laid  in  brooks  away  from  the  sea,  and  in  most  cases  the 
adult  lamprey  dies  after  spawning.  According  to  Thoreau,  **it 
is  thought  by  fishermen  that  they  never  return,  but  waste 
away  and  die,  clinging  to  rocks  and  stumps  of  trees  for  an  in- 
definite period,  a  tragic  feature  in  the  scenery  of  the  river-bottoms 
worthy  to  be  remembered  with  Shakespeare's  description  of 
the  sea-floor.*'  This  account  is  not  far  from  the  truth,  as  re- 
cent studies  have  shown. 

The  lampreys  of  the  northern  regions  constitute  the  family 
of  Petromyzonidce,  The  larger  species  (Petromyzon,  Entosphenus) 
live  in  the  sea,  ascending  rivers  to  spawn,  and  often  becoming 
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land-locked  and  reduced  in  size  by  living  in  riverB  only.  Such 
land-locked  marine  lampreys  (Petromyzon  marinus  unico'or)  breed 
in  Cayuga  Lake  and  other  lakes  in  New  York.  The  marine  forms 
reach  a  length  of  three  feet.  Smalle '  lampreys  of  other  genera 
six  inches  to  eighteen  inches  in  length  remain  all  their  lives  in 
the  rivers,  ascending  the  little  brooks  in  the  spring,  clinging  to 
stones  and  clods  of  earth  till  their  eggs  are  deposited.  These 
are  found  throughout  northern  Europe,  northern  Asia,  and 
the  colder  parts  of  North  America,  belonging  to  the  genera 
Lampe'.ra  and  Ichthyomyzon.  Other  and  more  aberrant  genera 
from  Chile  and  Australia  are  G:otria  and  Mordacia,  the  latter 
forming  a  distinct  family.  Mordaciid^E.  In  Geotria,  a  large  and 
peculiar  gular  pouch  is  developed  at  the  throat.  In  Macroph' 
titalmia  ckilensis  from  Chile  the  eyes  are  large  and  conspicuous. 
Food  of  Lampreys. — The  lampreys  feed  on  the  blood  and  flesh 
of  fishes.  They  attach  themselves  to  the  sides  of  the  various 
species,  rasp  off  the  flesh  with  their  teeth,  sucking  the  blood 
till  the  fish  weakens  and  dies.  Preparations  made  by  students 
of  Professor  Jacob  Reighard  in  the  University  of  Michigan  show 
clearly  that  the  lamprey  stomach  contains  muscular  tissue  as  well 
as  the  blood  of  fishes.     The  river  species  do  a  great  deal  of  mis- 


Fm.   IIB. — lAmprer,  Petrmnj/ton 


chief,  a  fact  which  has  been  the  subject  of  a  valuable  investiga- 
tion by  Professor  H.  A.  Surface,  who  has  als^j  cmsidered  the 
methods  available  for  their  destruction.  The  flesh  <A  the  lam- 
prey is  wholesome,  and  the  larger  species,  especially  the  great 
sea  lamprey  of  the  Atlantic,  Petromyzon  marinus,  are  valutd  as 
food.  The  small  spec^,  according  Xo  Prof,  Gage,  never  feed  on 
fidies. 

XetuDorpboBB  of  Lunprers. — AR  lampreys,  so  far  as  known, 
pass  through  a  distinct  metamorphosis.  The  young,  known  as 
t^e  Ammoaxtes  form,  are  slender,  e>'ele&6,  and  with  the  mouth 
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narrow  and  toothless.  From  Professor  Surface's  paper  on  "The 
Removal  of  Lampreys  from  the  Interior  Waters  of  New  York  " 
we  have  the  following  extracts  (slightly  condensed) : 

"  In  the  latter  part  of  the  fall  the  young  lampreys,  Pelro- 
myzon  marinus  unicolor,  the  variety  land-locked  in  the  lakes 
of  Central  New  York,  metamorphose  and  assume  the  form  of 
the  adult.  They  are  now  about  six  or  eight  inches  long.  The 
externally  segmented  condition  of  the  body  disappears.     The 


Fia.  119.  Fie.  130.  Fio.  121. 

FiO.   118.— Pe(ri>ni?/«m   marinus   unicolor    (DeKay).     Mouth    of   Lake   Lamprey, 

CayugB  Lake.     (Aiter  Gage.) 
FlO.   \20.—Lam-peiTa  wilderi  Jordan  &  Evemiann.      Larval   brook  lamprey  in  its 

burrow  in  a  glass  filled  with  sand.     (After  Gage.) 
Flo.   121, — Lampelra   mlderi  Jofian  &  Evermann.      Mouth   of   Brook   Lamprey. 

Cayuga  Lake.     (After  Gage.) 

eyes  appear  to  grow  out  through  the  skin  and  become  plainly 
visible  and  functional.  The  mouth  is  no  longer  filled  with  verti- 
cal membranous  sheets  to  act  as  a  sieve,  but  it  contains  nearly 
one  hundred  and  fifty  sharp  and  chitinous  teeth,  arranged  in 
rows  that  are  more  or  less  concentric  and  at  the  same  time 
presenting  the  appearance  of  circular  radiation.  These  teeth 
are  very  strong,  with  sharp  points,  and  in  structure  each  has 
the  appearance  of  a  hollow  cone  of  chitin  placed  over  another 
cone  or  papilla.  A  little  below  the  center  of  the  mouth  is  the 
oral  opening,  which  is  circular  and  contains  a  flattened  tongue 
which  bears  finer  teeth  of  chitin  set  closely  together  and  arranged 
in  two  interrupted  (appearing  as  four)  curved  rows  extending 
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up  and  down  from  the  ventral  toward  the  dorsal  side  of  the 
mouth.  Aroimd  the  mouth  is  a  circle  of  soft  membrane  final'y 
surroimded  by  a  margin  of  fimbriae  or  small  fringe.  This  com- 
pletes the  apparatus  with  which  the  lamprey  attaches  itself 
to  its  victims,  takes  its  food,  carries  stones,  builds  and  tears 
down  its  nest,  seizes  its  mate,  holds  itself  in  position  in  a  strong 
current,  and  climbs  over  falls. 

Mischief  Done  by  Lampreys. — **  The  most  ccm^imon  economic 
feature  in  the  entire  life  history  of  these  animals  is  their  feeding 
habits  in  this  (spawning)  stage,  their  food  now  consisting  wholly 
of  the  blood  (and  fle:h)  of  fishes.  A  lamprey  is  able  to  strike 
its  suctorial  mouth  against  a  fish,  and  in  an  instant  becomes  so 
firmly  attached  that  it  is  very  rarely  indeed  that  the  efforts  of 
the  fish  will  avail  to  rid  itself  of  its  persecutor.  When  a  lam- 
prey attaches  itself  to  a  person's  hand  in  the  aquarium,  it  can 
only  be  freed  by  lifting  it  from  the  water.  As  a  rule  it  will  drop 
the  instant  it  is  exposed  to  the  open  air,  although  often  it  will 
remain  attached  for  some  time  even  in  the  open  air,  or  may 
attach  itself  to  an  object  while  out  of  water. 

**  Nearly  all  lampreys  that  are  attached  to  fish  when  they 
are  caught  in  nets  will  escape  through  the  meshes  of  the  nets, 
but  some  are  occasionally  brought  ashore  and  may  hang  on 
to  their  victim  with  bulldog  pertinacity. 

•*  The  fishes  that  are  mostly  attacked  are  of  the  soft-rayed 
species,  having  cycloid  scales,  the  spiny-rayed  species  with 
ctenoid  scales  being  most  nearly  immune  from  their  attacks. 
We  think  there  mav  be  three  reasons  for  this:  ist,  the  fishes 
of  the  latter  group  are  generally  more  alert  and  more  active 
than  those  of  the  former,  and  may  be  able  nr^jre  rearlily  to  dart 
away  from  such  enemies ;  2d,  their  scales  are  thicker  and  stronger 
and  appear  to  be  more  firmly  imbedded  in  the  skin,  consequently 
it  is  more  difficult  for  the  lampreys  to  hold  r/n  and  cut  through 
the  heavier  coat-of-mail  to  obtain  the  bkxxl  of  the  victim; 
3d,  since  the  fishes  of  the  second  group  are  wholly  camivr^rr/us 
and  in  fact  almost  exclusively  fish-eating  when  a^lult,  in  every 
body  of  water  they  are  more  rare  than  those  of  the  first  gr'-nip, 
which  are  more  nearly  omnivorous.  According  trj  the  laws 
and  requirements  of  nature  the  fishes  of  the  first  group  must 
be  more  abundant,  as  thev  become  the  foo^l  for  those  of  the 
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second,  and  it  is  on  account  of  their  greater  abundance  that 
the  lampreys'  attacks  on  them  are  more  observed. 

**  There  is  no  doubt  that  the  bullhead,  or  homed  pout  (Ameiu- 
rus  nebulosus),  is  by  far  the  greatest  sufferer  from  lamprey 
attacks  in  Cayuga  Lake.  This  may  be  due  in  part  to  the  slug- 
gish habits  of  the  fish,  which  render  it  an  easy  victim,  but  it 
is  more  likely  due  to  the  fact  that  this  fish  has  no  scales  and 
the  lamprey  has  nothing  to  do  but  to  pierce  the  thick  skin  and 
find  its  feast  of  blood  ready  for  it.  There  is  no  doubt  of  the 
excellency  of  the  bullhead  as  a  food-fish  and  of  its  increasing 
favor  with  mankind.  It  is  at  present  the  most  important 
food-  and  market-fish  of  the  State  (New  York),  being  caught 
by  bushels  in  the  early  part  of  June  when  preparing  to  spawn. 
As  we  have  observed  at  times  more  than  ninety  per  cent,  of 
the .  catch  attacked  by  lampreys,  it  can  readily  be  seen  how 
very  serious  are  the  attacks  of  this  terrible  parasite  which  is 
surely  devastating  our  lakes  and  streams. 

Migration  or  "Running"  of  Lampreys. — '*  After  thus  feeding 
to  an  imusual  extent,  their  reproductive  elements  (gonads)  be- 
come mature  and  their  alimentary  canals  commence  to  atrophy. 
This  duct  finally  becomes  so  occluded  that  from  formerly  being 
large  enough  to  admit  a  lead-pencil  of  average  size  when  forced 
through  it,  later  not  even  liquids  can  pass  through,  and  it 
becomes  nearly  a  thread  closely  surrounded  by  the  crowding 
reproductive  organs.  When  these  changes  commence  to  ensue, 
the  lampreys  turn  their  heads  against  the  current  and  set  out 
on  their  long  journeys  to  the  sites  that  are  favorable  for  spawn- 
ing, which  here  may  be  from  two  to  eight  miles  from  the  lake. 
In  this  migration  they  are  true  to  tlieir  instincts  and  habits 
of  laziness  in  being  carried  about,  as  they  make  use  of -P.ny  avail- 
able object,  such  as  a  fi  h,  boat,  etc.,  that  is  going  in  i.kir  direc- 
tion, fastening  to  it  with  their  vsuctorial  mouths  and  being 
borne  along  at  their  ease.  During  this  season  it  is  not  infre- 
quent that  as  the  Cornell  crews  come  in  from  practice  and  lift 
their  shells  from  the  water,  they  find  lampreys  clinging  to  the 
bottoms  of  the  boats,  sometimes  as  many  as  fifty  at  one  time. 
They  are  likely  to  crowd  up  all  streams  flowing  into  the  lake, 
inspecting  the  bed  of  the  stream  as  they  go.  They  do  not 
stop   until   they  reach   favorable   spawning   sites,  and   if   they 
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find  imstirmountable  obstacles  in  their  way,  such  as  vertical 
falls  or  dams,  they  turn  around  and  go  down-stream  imtil  they 
find  another,  up  which  they  go.  This  is  proved  every  spring 
by  the  number  of  adult  lampreys  which  are  seen  temporarily 
in  Fall  Creek  and  Cascadilla  Creek.  In  each  of  these  streams, 
about  a  mile  from  its  mouth,  there  is  a  vertical  fall  over 
thirty  feet  in  height  which  the  lampreys  cannot  surmoimt,  and 
in  fact  they  have  never  been  seen  attempting  to  do  so.  After 
clinging  with  their  mouths  to  the  stones  at  the  foot  of  the 
falls  for  a  few  days,  they  work  their  way  down-stream,  care- 


FiG  124. — Kamchatka  Lamprey,  Lampetra  camischxiiica  (Tllesius).     Kamchatka. 

fully  inspecting  all  the  bottom  for  suitable  spawning  sites. 
They  do  not  spawn  in  these  streams  because  there  are  too  many 
rocks  and  no  sand,  but  finally  enter  the  only  stream  (the  Cayuga 
Lake  inlet)  in  which  they  finrl  suitable  and  accessible  spawn- 
ing sites. 

**  The  three-toothed  lampreys  (Entosphenus  iridentatus)  of 
the  West  Coast  climb  low  falls  or  rapids  by  a  series  of  leaps, 
holding  with  their  mouths  to  rest,  then  jumping  and  striking 
again  and  holding,  thus  leap  by  leap  gaining  the  entire  distance. 

**  The  lampreys  here  have  never  been  known  to  show  any 
tendency  or  ability  to  climb,  probably  because  there  are  no 
rapids  or  mere  low  falls  in  the  streams  up  which  they  would 
run.  In  fact,  as  the  inlet  is  the  only  stream  entering  Cayuga 
Lake  in  this  region  which  presents  suitable  spawning  condi- 
tions and  no  obstructions,  it  can  be  seen  at  once  that  all  the 
lampreys  must  spawn  in  this  stream  and  its  tributaries. 

**  In  *nmning'  they  move  almost  entirely  at  night,  and  if 
they  do  not  reach  a  suitable  spawning  site  by  daylight,  they 
will  cling  to  roots  or  stones  during  the  day  and  complete  their 
journey  the  next  night.     This  has  been  proven  by  the  positive 
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observation  of  individuals.  Of  the  specimens  that  run  up 
early  in  the  season,  about  four-fifths  are  males.  Thus  the 
males  do  not  exactly  precede  the  females,  because  we  have 
foimd  the  latter  sex  represented  in  the  stream  as  early  in  the 
season  as  the  former,  but  in  the  earlier  part  of  the  season  the 
number  of  the  males  certainly  greatly  predominates.  This  pro- 
portion of  males  gradually  decreases,  until  in  the  middle  of 
the  spawning  season  the  sexes  are  about  equally  represented, 
and  toward  the  latter  part  of  the  season  the  females  continue 
to  come  until  they  in  turn  show  the  greater  numbers.  Thus 
it  appears  very  evident  in  general  that  the  reproductive  in- 
stinct impels  the  most  of  the  males  to  seek  the  spawning  ground 
before  the  most  of  the  females  do.  However,  it  should  be  said 
that  neither  the  males  nor  the  females  show  all  of  the  entirely 
sexually  mature  features  when  they  first  run  up-stream  in  the 
beginning  of  the  season,  but  later  they  are  perfectly  mature 
and  'ripe'  in  every  regard  when  they  first  appear  in  the  stream. 
When  they  migrate,  they  stop  at  the  site  that  seems  to  suit  their 
fancy,  many  stopping  near  the  lake,  others  pushing  on  four 
or  five  miles  farther  up-stream.  We  have  noted,  however, 
that  later  in  the  season  the  lower  courses  become  more  crowded, 
showing  that  the  late  comers  do  not  attempt  to  push  up-stream 
as  far  as  those  that  came  earlier.  Also  it  thus  follows,  from 
what  was  just  said  about  late-running  females,  that  in  the  latter 
part  of  the  season  the  lower  spawning  beds  are  especially  crowded 
with  females.  In  fact,  during  the  early  part  of  the  month  of 
June  we  have  found,  not  more  than  half  a  mile  above  the  lowest 
spawning  bed,  as  many  as  five  females  on  a  spawning  nest  with 
but  one  male;  and  in  that  immediate  vicinity  many  nests 
indeed  were  found  at  that  time  with  two  or  three  females  and 
but  one  male. 

*'  Having  arrived  at  a  shoal  which  seems  to  present  suitable 
conditions  for  a  spawning  nest,  the  individual  or  pair  commences 
at  once  to  move  stones  with  its  mouth  from  the  centre  to  the 
margin  of  an  area  one  or  two  feet  in  diameter.  When  many 
stones  are  thus  placed,  especially  at  the  upper  edge,  and  they 
are  cleaned  quite  free  of  sediment  and  algae,  both  by  being 
moved  and  by  being  fanned  with  the  tail,  and  when  the  proper 
condition  of  sand  is  found  in  the  bottom  of  the  basin  thus  formed, 
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it  is  ready  to  be  used  as  a  spawning  bed  or  nest.  A  great  many 
nests  are  commenced  and  deserted.  This  has  been  left  as  a 
mystery  in  publications  on  the  subject,  but  we  are  well  con- 
vinced that  it  is  because  the  lampreys  do  not  find  the  requi- 
sites or  proper  conditions  of  bottom  to  supply  all  their  needs 
and  fulfill  all  conditions  for  ideal  sites. 


CHAPTER  XIV 

THE  CLASS  ELASMOBRANCHII   OR  SHARK-LIKE 

FISHES.— TRUE  SHARKS 

[|hE  Sharks. — The  gap  between  the  lancelets  and  the 
lampreys  is  a  very  wide  one.  Asstiming  the  primi- 
tive nature  of  both  groups,  this  gap  must  represent  the 
period  necessary  for  the  evolution  of  brain,  skull,  and  elaborate 
sense  organs.  The  interspace  between  the  lampreys  and  the 
nearest  fish-like  forms  which  follow  them  in  an  ascending  scale 
is  not  less  remarkable.  Between  the  lamprey  and  the  shark 
we  have  the  development  of  paired  fins  with  their  basal  attach- 
ments of  shoulder-girdle  and  pelvis,  the  formation  of  a  lower 
jaw,  the  relegation  of  the  teeth  to  the  borders  of  the  mouth, 
the  development  of  separate  vertebrae  along  the  line  of  the 
notochord,  the  development  of  the  gill-arches,  and  of  an  ex- 
ternal covering  of  enameled  points  or  placoid  scales. 

These  traits  of  progress  separate  the  Elasmobranchs  from 
all  lower  vertebrates.  For  those  animals  which  possess  them, 
the  class  name  of  Pisces  or  fishes  has  been  adopted  by  numerous 
authors.  If  this  term  is  to  be  retained  for  technical  purposes, 
it  should  be  applied  to  the  aquatic  vertebrates  above  the  l:im- 
preys  and  lancelets.  We  may,  however,  regard  fish  as  a  popular 
term  only,  rather  than  to  restrict  the  name  to  members  of  a  class 
called  Pisces.  From  the  bony  fishes,  on  the  other  hand,  the 
sharks  are  distinguished  by  the  much  less  specialization  of  the 
skeleton,  both  as  regards  form  and  substance,  by  the  lack  of 
membrane  bones,  of  air-bladder,  and  of  true  scales,  and  by 
various  peculiarities  of  the  skeleton  itself.  The  upper  jaw,  for 
example,  is  formed  not  of  maxillary  and  premaxillary,  but  of 
elements  which  in  the  lower  fishes  would  be  regarded  as  belonging 
to  the  palatine  and  pterygoid  series.     The  lower  jaw  is  formed 
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not  of  several  pieces,  but  of  a  cartilage  called  Meckel's  cartilage, 
which  in  higher  fishes  precedes  the  development  of  a  separate 
dentary  bone.  These  structures  are  sometimes  called  primary 
jaws,  as  distinguished  from  secondary  jaws  or  true  jaws  de- 
veloped in  addition  to  those  bones  in  the  Aciinopteri  or  typical 
fishes.  In  the  sharks  the  shoulder-girdle  is  attached,  not  to 
the  skull,  but  to  a  vertebra  at  some  distance  behind  it,  leaving 
a  distinct  neck,  such  as  is  possessed  or  retained  by  the  verte- 
brate higher  than  fishes.  The  shoulder-girdle  itself  is  a  con- 
tinuous arch  of  cartilage,  joining  its  fellow  at  the  breast  of  the 
fish.     Other  peculiar  traits  will  be  mentioned  later. 

Characters  of  Elasmobranchs. — The  essential  character  of  the 
Elasmobranchs  as  a  whole  are  these:  The  skeleton  is  cartilagi- 
nous, the  skull  without  sutures,  and  the  notochord  more  or 
less  fully  replaced  or  inclosed  by  vertebral  segments.  The  jaws 
are  peculiar  in  structure,  as  are  also  the  teeth,  which  are  usually 
highly  specialized  and  foimd  on  the  jaws  only.  There  are  no 
membrane  bones;  the  shoulder-girdle  is  well  developed,  each 
half  of  one  piece  of  cartilage,  and  the  ventral  fins,  with  the 
pelvic-girdle,  are  always  present,  always  many-rayed,  and 
abdominal  in  position.  The  skin  is  covered  with  placoid  scales, 
or  shagreen,  or  with  bony  bucklers,  or  else  it  is  naked.  It  is 
never  provided  with  imbricated  scales.  The  tail  is  diphycercal, 
heterocercal,  or  else  it  degenerates  into  a  whip-like  organ,  a 
form  which  has  been  called  leptocercal.  The  gill-arches  are  5, 
6,  or  7  in  number,  with  often  an  accessory  gill-slit  or  spiracle. 
The  ventral  fins  in  the  males  (except  perhaps  in  certain  primi- 
tive forms)  are  provided  with  elaborate  cartilaginous  appen- 
dages or  claspers.  The  brain  is  elongate,  its  parts  well  separated, 
the  optic  nerves  interlacing.  The  heart  has  a  contractile 
arterial  cone  containing  several  rows  of  valves;  the  intestine 
has  a  spiral  valve ;  the  eggs  are  large,  hatched  within  the  body, 
or  else  deposited  in  a  leathery  case. 

Classification  of  Elasmobranchs. — The  group  of  sharks  and 
their  allies,  rays,  and  Chimaeras,  is  usually  known  collectively  as 
Elasmobranchii  {eXaa^xo^,  blade  or  plate;  ftpdyxo^y  gill).  Other 
names  appUed  to  all  or  a  part  of  this  group  are  these:  Selachii 
{cekaxo^j  a  cartilage,  the  name  also  used  by  the  Greeks  for  the 
gristle-fishes  or  sharks) ;   Plagiostomi  (nXaytos,  oblique ;   o-ro/da, 
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mouth);  Chondropterygii  {x^vdpoz,  cartilage;  TtrepvZ,  fin);  and 
Antacea  {dyraKalos,  sturgeon).  They  represent  the  most 
primitive  known  type  of  jaw-bearing  vertebrates,  or  Gnatho- 
siomi  (yvdOos,  jaw;  crojxa,  mouth),  the  Chordates  without  jaws 
being  sometimes  called  collectively  Agnatha  {d-yvdOos,  without 
jaws).  These  higher  types  of  fishes  have  been  also  called 
collectively  Lyrifera,  the  form  of  the  two  shoulder-girdles  taken 
together  being  compared  to  that  of  a  lyre.  Through  shark- 
like forms  all  the  higher  vertebrates  must  probably  trace  their 
descent.  Sharks*  teeth  and  fin-spines  are  found  in  all  rocks 
from  the  Upper  Silurian  deposits  to  the  present  time,  and  while 
the  majority  of  the  genera  are  now  extinct,  the  class  has 
had  a  vigorous  representation  in  all  the  seas,  later  Palaeozoic, 
Mesozoic,  and  Cenozoic,  as  well  as  in  recent  times. 

Most  of  the  Elasmobranchs  are  large,  coarse-fleshed,  active 
animals  feeding  on  fishes,  hunting  down  their  prey  through 
superior  strength  and  activity.  But  to  this  there  are  many 
exceptions,  and  the  highly  specialized  modem  shark  of  the 
type  of  the  mackerel-shark  or  man-eater  is  by  no  means  a  fair 
type  of  the  whole  great  class,  some  of  the  earliest  types  being 
diminutive,  feeble,  and  toothless. 

Subclasses  of  Elasmobranchs. — ^With  the  very  earliest  recog- 
nizable remains  it  is  clear  that  the  Elasmobranchs  are  already 
divided  into  two  great  divisions,  the  sharks  and  the  Chimwras, 
These  groups  we  may  call  subclasses,  the  Selachii  and  the  Holo^ 
cephali,  or  Chismopnea. 

The  Selachii y  or  sharks  and  rays,  have  the  skull  hyostylic, 
that  is,  with  the  quadrate  bone  grown  fast  to  the  palate  which 
forms  the  upper  jaw,  the  hyomandibukir,  acting  as  suspen- 
sorium  to  the  lower  jaw,  being  articulated  directly  to  it. 

The  palato-quadrate  apparatus,  the  front  of  which  forms 
the  upper  jaw  in  the  shark,  is  not  fused  to  the  cranium,  although 
it  is  sometimes  articulated  with  it.  There  are  as  many  external 
gill-slits  as  there  are  gill-arches  (5,  6,  or  7),  and  the  gills  are 
adnate  to  the  flesh  of  their  own  arches,  without  free  tips.  The 
cerebral  hemispheres  are  grown  together.  The  teeth  are  sepa- 
rated and  usually  strongly  specialized,  being  primitively  modified 
from  the  prickles  or  other  defences  of  the  skin.  There  is  no 
frontal  holder  or  bony  hook  on  the  forehead  of  the  male. 
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The  subclass  HoLxepkaLi^  or  Chimaras^  differ  from  the  sharks 
in  an  this  series  of  characters,  and  its  separatioa  as  a  distinct 
groop  goes  back  to  the  Devonian  or  even  farther,  the  earliest 
known  sharks  ha\-iiig  little  more  in  comnK>n  with  Chimaeras 
than  the  modem  fomis  ha\-e. 

The  Srlafhfi — There  have  been  many  efforts  to  divide  the 
sharks  and  ra^-s  into  natural  orders.  Mo?t  writers  have  con- 
tented themselves  with  placing  the  sharks  in  one  order  (Sqiudi 
or  GjLci  or  PUztrotrcmi  ha'^."ir^  the  gill-rpenings  on  the  side, 
and  the  rays  in  another  Rajjz,  Bjuiidcz,  Hyp*:treni^  having 
the  gi!l-*Dfpening5  underneath.  Oi  far  more  importance  than 
this  superncia!  character  cf  adaptati-on  are  the  'iistinctions 
drawn  from  the  skelet^jri.  Eh".  Gill  has  usei  the  attachment 
of  the  palato-cuaiirate  apparatus  as  the  basis  of  a  classi&ation. 
The  OczsUiar&ri  HeX'2Kch:J^  have  this  structure  articulated 
with  the  postorbital  part  of  the  skull.  In  the  Pros^jrthri  \H^tero^ 
dcm  iJ^)  it  is  articulatai  with  the  prei^'ital  part  of  the  skuli, 
while  in  the  other  sharks  An^r:^:'^:  it  is  not  articulatei  at  alL 
But  these  characters  do  zyyz  appear  to  fcie  alw^-rs  important. 
CkLi^jPdcSiijchsis^  i-jT  example,  'iiffers  in  this  regard  frona 
Hcc^Tznciii^is.  which  in  other  respects  it  cVjstly  resembles.  Yet, 
n  generaL  the  groups  thus  characterized  are  undoubtedly 
natural  ones. 

The  sharks  are  amiong  the  earliest  fishes  to  appear  in  the 
recks,  and  fm^m  primitive  sharks  all  the  higher  groups  of 
fishes    are    descended-      The    earliest    known    and  lowest  in 
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Order  Notidaai. — We  may  recognize  as  a  distinct  order  a 
primitive  group  of  recent  sharks,  a  group  of  forms  finding  its 
natural  place  somewhere  between  the  Cladoselachid^  and  Hetero- 
dontida^,  both  of  which  groups  long  preceded  it  in  geological 
time. 

It  has  been  lately  announced  that  a  rudimentary  sixth  gill- 
arch  exists  in  Heterodontus.  This  would  show  the  close  affinity 
of  these  two  primitive  groups,  Notidani  and  Cestraciontes,  and 
the  latter  should  be  removed  from  the  Asierospondyli.  The 
■  presence  of  five  species  in  the  SqualidiE  perhaps  indicates  affinity 
with  HeterodonUis.  The  fact  that  Cestraciontes  wtre  the  only 
sharks  living  in  the  Triassic,  soon  followed  by  Xotidani  and  later 
by  squaloid  and  galeoid  sharks,  seems  to  be  significant. 

The  name  Notidani  (Nolidaniis,  rosTtddvoi,  dry  back,  an  old 
name  of  one  of  the  genera)  may  be  retained  for  this  group, 
which  corresponds  to  the  Diplospondyli  of  Hasse,  the  Opis- 
tharlhri  of  Gill,  and  the  Protoselachii  of  Parker  and  Haswell. 
The  Notidani  are  characterized  by  the  primitive  struct\ire  of 
the  spinal  column,  wh'.ch  is  without  calcareous  matter,  the  centra 
being  imperfectly  developed.  There  are  six  or  seven  branchial 
arches,  and  in  the  typical  forms  not  in  Chlamydoselachus)  the 
palato-quadrate  or  upper  jaw  articulates  with  the  postorbital 


Fia.  120.  — Grisi' 


fGmclin).   Ciimtucklnlpt,  X.C. 


region  of  the  skuli.  The  teeth  are  oi  primitive  character,  of 
dilfercnt  forms  in  the  s:ime  jaw,  e:ich  with  manj-  cusps.  The 
fins  are  without  spines,  the  pectoral  fin  having  the  three  basal 
cartilages  (mesopterygium  with  proptcrygium  and  metapte- 
rj'gium)  as  usual  among  sharks. 

The  few  living  forms  are  of  high  interest.     The  extinct  species 
are  numerous,  but  not  very  different  from  the  living  species. 
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Family  Hezanchid«. — The  majority  of  the  living  Notidanoid 
sharks  belong  to  the  family  of  Hexanchidce.  These  sharks  have 
six  or  seven  gill-openings,  one  dorsal  fin,  and  a  relatively  simple 
organization.  The  bodies  are  moderately  elongate,  not  eel- 
shaped,  and  the  palato-qnadrate  articulates  with  the  post- 
orbital  part  of  the  skull.  The  six  or  eight  species  are  foimd 
sparsely  in  the  warm  seas.  The  two  genera,  Hexanchus,  with 
six,  and  Heptrattchtas,  with  seven  vertebrae,  are  foimd  in  the 
Mediterranean.  The  Etiropean  species  are  Hexanchus  griseus, 
the  cow-shark,  and  Heptranchias  cuiereus.  The  former  crosses 
to    the   West    Indies.     In    California,    Heptranchias   maculatus 


Fio.    127. — ^Teeth  of  Heptranchias  indicus  Gmelin. 

and  Hexaftchtis  corinns  are  occasionally  taken,  whi'.e  Heptran- 
chias deani  is  the  well  known  Aburazame  or  oil  shark  of  Japan. 
Heptranchias  i)uiiciis,  a  similar  species,  is  foimd  in  India. 

Fossil  Hcxattchidce  exist  in  large  numbers,  all  of  them  re- 
ferred by  Woodward  to  the  genus  Xotidanns  (which  is  a  later 
name  than  Hexattchus  and  Heptranchias  and  intended  to  in- 
clude both  these  genera),  differing  chiefly  in  the  number  of  gil- 
openings,  a  character  not  ascertainable  in  the  fossils.  Xone 
of  these,  however,  appear  before  Cretaceous  time,  a  fact  which 
may  indicate  that  the  simplicity  of  structure  in  Hexanchus  and 
Heptranchias  :s  a  result  of  degeneration  and  not  altogether  a 
mark  of  primitive  simplicity.     The  group  is  apparently  much 
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younger  than  the  Cestraciontes  and  little  older  than  the  Lam- 
noids,  or  the  Squaloid  groups.  Heptranchias  microdon  is  com- 
mon in  English  Cretaceous  rocks,  and  Heptranchias  primigenius 
and  other  species  are  found  in  the  Eocene. 

Family  Chlamydoselachidfe.— Very  great  interest  is  attached  to 
the  recent  discovery  by  Samuel  Garman  of  the  frilled  shark, 
Chlamydoselachus  anguineus,  the  sole  living  representative  of 
the  Chlamydoselachida: . 


Fia.   128. — Frill-shark,    OUamydoselackita  anguineua  Gannan.      From    Misaki, 
JupuD.     {After  Gunther.) 


This  shark  was  first  found  on  the  coast  of  Japan,  where  it 
is  rather  common  in  deep  water.  It  has  since  been  taken  off 
Madeira  and  off  the  coast  of  Norway.  It  is  a  long,  slender, 
eel-shaped  shark  with  six  gill-openings  and  the  palato-quadrate 
not  articulated  to  the  cranium.  The  notochord  is  mainly 
persistent,  in  part  replaced  by  feeble  cyclospondylic  vertebral 
centra.  E:ich  gill-opening  is  bordered  by  a  broad  frill  of  skin. 
There  is  but  one  dorsal  fin.  The  teeth  closely  resemble  those 
of  Dittodns  or  Didymodiis  and  other  extinct  Ichthyotomi.  The 
teeth  have  broad,  backvvardly  extended  bases  overlapping, 
the  crown  consisting  of  three  slender  curved  cusps,  separated 
by  rudimentary  denticles.  Teeth  of  a  fossil  species,  Chlamy- 
doselachus lawleyi,  are  recorded  by  J.  W.  Davis  from  the  Pliocene 
of  Tuscany. 

Order  Asterospondyli. — The  order  of  Asierospondyli  comprises 
the  typical  sharks,  those  in  which  the  individual  vertebra  are 
well  developed,  the  calcareous  lamella;  arranged  so  as  to  radiate, 
star-fashion,  from  the  central  axis.  All  these  sharks  possess 
two  dorsal  fins  and  one  anal  fin,  the  pectoral  fin  is  normally 
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developed,  with  the  three  basal  cartilages;  there  are  five  gill- 
openings,  and  the  tail  is  heterocercal. 


Fig.  12a.— BaUhead-ehark,  Heterodontu!  Ii 


(Girard).     San  Pedro,  Cal. 


Suborder  Cestracioates. — The  most  ancient  types  may  be  set 
off  as  a  distinct  suborder  under  the  name  of  Cestraciontes  or 
Prosarthri. 


These  forms  find  their  nearest  allies  in  the  Xolidani,  which 
they  resemble  to  some  extent  in  dentition  and  in  ha\-ing  the 
palato-quadrate    articulated    to    the   skull    although   fastened 
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farther  forward  than  in  the  NoUdani.     Each  of  the  two  dorsal 
fins  has  a  strong  spine. 

Family  Heterodontidfe.  —  Among  recent  species  this  group 
contains  only  the  family  of  Heterodoniidce,  the  bulihead  sharks, 
or  Port  Jackson  sharks.  In  this  family  the  head  is  high,  with 
usually  projecting  eyebrows,  the  lateral  teeth  are  pad-like, 
ridged  or  rounded,  arranged  in  many  rows,  different  from  the 


A 


X 


Via.  131. 


Fio.  133. 


Fia,   131.— Troth     of     Cestraciont    Sharks. 

dudriiiianHS    Arnckio;      e.  UelemduiilMs    t 

s(rialultis  Agassiz.     (After  W'lKidward.) 
Fia.   132. — E^K  ot  Port  Jackson  Shark,  Hcteruihiitus  jJiilippi  (Luci'podc).     (After 

Purker  &  HoswcU.) 

pointed  anterior  teeth,  the  fms  arc  large,  the  colo"ation  is  strongly 
marked,  and  the  large  egg -cases  are  spirally  twisted.  All 
have  five  gill-openings.  The  living  species  of  Heierodontidce 
are  found  only  in  the  Pacific,  the  Port  Jackson  shark  of  Australia, 
Heterodoiitiis  philippi,  being  longest  known.  Other  species 
are  Heterodontns  francisct,  common  in  California,  llcterodonlits 
japonicus.  in  Japan,  and  Heterodontns  zebra,  in  China.  These 
small  and  harmless  sharks  at  once  attract  attention  by  their 
peculiar  forms.      In   the   American    species  the  jaws  are  less 
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contracted  than  in  the  Asiastic  species,  called  HeterodotUus. 
For  this  reason  Dr.  Gili  has  separated  the  former  under  the 
name  of  Gyropleurodus.  The  differences  are,  however,  of  slight 
value.  The  genus  Meter odontus  first  appears  in  the  Jurassic, 
where  a  number  of  species  are  known,  one  of  the  earliest 
being  Heterodontus  falcifer. 

The  discussion  of  the  long  array  of  fossil  Meter odontidw  and 
allied  famiUes  may  be  here  omitted.  It  is  an  interesting  fact 
that  the  only  sharks  known  to  exist  in  the  Triassic  period 
belong  to  this  family  from  which  all  recent  sharks  are  descended. 

Very  lately  the  discovery  has  been  made  that  in  sharks  of 
this  group  a  rudiment  of  a  sixth  gill-segment  exists.  This 
demonstrates  a  close  relation  t  o  the  Notidani. 

Suborder  GaleL — The  great  body  of  recent  sharks  belong  to 
the  suborder  Galei,  or  Euselachii,  characterized  by  the  astero- 
spondylous  vertebrae,  each  having  a  star-shaped  nucleus,  and 
by  the  fact  that  the  palato-quadrate  apparatus  or  upper  jaw 
is  not  articulated  with  the  skull.  The  sharks  of  this  suborder 
are  the  most  highly  specialized  of  the  group,  the  strongest  and 
largest  and,  in  general,  the  most  active  and  voracious.  They 
are  of  three  types  and  naturally  group  themselves  about  the 
three  central  families  Scylliorhinid^e,  Lamnidce,  and  Carchariid<z 
(Galeorhimdcr) . 

The  Asterospondyli  are  less  ancient  than  the  preceding  groups, 
but  the  modem  families  were  well  differentiated  in  Mesozoic 
times. 

Among  the  Galei  the  dentition  is  less  complex  than  with 
the  ancient  forms,  although  the  individual  teeth  are  more 
highly  specialized.  The  teeth  are  usually  adapted  for  biting, 
often  with  knife-like  or  serrated  edges;  only  the  outer  teeth 
are  m  function ;  as  they  are  gradually  lost,  the  inner  teeth  are 
moved  outward,  gradually  taking  the  place  of  these. 

We  may  place  first,  as  most  primitive,  the  forms  without 
nictitating  membrane. 

Family  ScyUiorhinidie.  —  The  most  primitive  of  the  modem 
families  is  doubtless  that  of  the  Scylliorhtnidce,  or  cat-sharks. 
This  group  includes  sharks  with  the  dorsal  fins  both  behind 
the  ventrals,  the  tail  not  keeled  and  not  bent  upward,  the 
spiracles  present,  and  the  teeth  small  and  close-set.     The  species 
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are  small  and  mostly  spotted,  found  in  the  warm  seas.  All 
of  them  lay  their  eggs  in  large  cases,  oblong,  and  with  long 
filaments  or  strings  at  the  comers.  The  cat-sharks,  or  rous- 
settes,  Scylliorhinus  canicula  and  Catulus  stellaris,  aboimd  in 
the  Mediterranean.  Their  skin  is  used  as  shagreen  or  sand- 
paper in  polishing  furniture.  The  species  of  swell-sharks 
{Cephaloscylium)  {C.  nter,  in  California;  C.  ventriosus,  in  Chile; 
C.  laiiceps,  in  Australia;  C.  umbratile,  in  Japan)  are  short, 
wide-bodied  sharks,  which  have  the  habit  of  filling  the  capacious 
stomach  with  air,  then  floating  belly  upward  like  a  globe-fish. 
Other  species  are  found  in  the  depths  of  the  sea.  Scyllio- 
rhinus, Catulus,  and  numerous  other  genera  are  foimd  fossil. 
The  earliest  is  Palceoscyllium,  in  the  Jurassic,  not  very  dif- 
ferent from  Scylliorhinus,  but  the  fins  are  described  as  more 
nearly  like  those  of  Ginglymostoma, 

Close  to  the  Scylliorhintdcc  is  the  Asiatic  family,  Hemi- 
scylliidcE,  which  differs  in  being  ovoviviparous,  the  young, 
according  to  Mr.  Edgar  R.  Waite,  hatched  within  the  body. 
The  general  appearance  is  that  of  the  Scylliorhinidce,  the  body 
being  elongate.  Chiloscyllium  is  a  well-known  genus  with  sev- 
eral species  in  the  East  Indies.  Chiloscyllitim  modestum  is  the 
dogfish  of  the  Australian  fishermen.  The  Oreciolobidce  are  thick- 
set sharks,  with  large  heads  provided  with  fleshy  fringes.  Orec- 
tolobus  barbatus  {Crossorhinus  of  authors)  abounds  from  Japan 
to  Australia. 

Another  family,  Ginglymostomidcc,  differs  mainly  in  the 
form  of  the  tail,  which  is  long  and  bent  abruptly  upward  at 
its  base.  These  large  sharks,  known  as  nurse-sharks,  are  found 
in  the  warm  seas.  Ginglymostoma  cirrhatmn  is  the  common 
species  with  Orectolobtis.  Stegostoma  tigrinum,  of  the  Indian 
seas  and  north  to  Japan,  one  of  several  genera  called  tiger- 
sharks,  is  remarkable  for  its  handsome  spotted  coloration. 
The  extinct  genus  Pseudogaleus  (voltai)  is  said  to  connect  the 
ScylliorhinidcB  with  the  Carcharioid  sharks. 

The  Lamnoid  or  Mackerel  Sharks. — The  most  active  and  most 
ferocious  of  the  sharks,  as  well  as  the  largest  and  some  of  the 
most  sluggish,  belong  to  a  group  of  families  known  collectively 
as  Lamnoid,  because  of  a  general  resemblance  to  the  mackerel- 
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shark,  or  Lamna,  as  distinguished  from  the  blue  sharks  and 
white  sharks  allied  to  Carcharias  (Carcharhinus). 

The  Lamnoid  sharks  agree  with  the  cat-sharks  in  the  absence 
of  nictitating  membrane  or  third  eyelid,  but  differ  in  the  an- 
terior insertion  of  the  first  dorsal  fin,  which  is  before  the  ven- 
trals.  Some  of  these  sharks  have  the  most  highly  specialized 
teeth  to  be  foimd  among  fishes,  most  effective  as  knives  or  as 
scissors.  StiU  others  have  the  most  highly  specialized  tails, 
either  long  and  flail-like,  or  short,  broad,  and  muscular,  fitting 
the  animal  for  swifter  progression  than  is  possible  for  any  other 
sharks.  The  Lamnoid  families  are  especially  ntimerous  as 
fossils,  their  teeth  aboimding  in  all  suitable  rock  deposits  from 
Mesozoic  times  till  now.  Among  the  Lamnoid  sharks  nimierous 
families  must  be  recognized. 

The  most  primitive  is  perhaps  that  of  the  Odontaspididce 
(called  Carchartidcu  by  some  recent  authors),  now  chiefly  ex- 
tinct, with  the  tail  imequal  and  not  keeled,  and  the  teeth  slender 
and  sharp,  often  with  smaller  cusps  at  their  base.  Odontaspis 
and  its  relatives  of  the  same  genus  are  nimierous,  from  the 
Cretaceous  onward,  and  three  species  are  still  extant,  small 
sharks  of  a  voracious  habit,  living  on  sandy  shores.  Odon- 
taspis littoralis  (also  known  as  Carcharias  littoralis)  is  the  com- 
mon sand-shark  of  o\ir  Atlantic  coast.  Odontaspis  taurus  is 
a  similar  form  in  the  Mediterranean. 

Family  Mitsukurinidae,  the  Goblin-sharks.  —  Closely  allied  to 
Odontaspis  is  the  small  family  of  MiisukurinidcB,  of  which  a  single 
living  species  is  known.  The  teeth  are  like  those  of  Odontaspis, 
but  the  appearance  is  very  different. 

The  goblin-shark,  or  Tenguzame,  Mitsukurina  owstoni,  is  a 
very  large  shark  rarely  taken  in  the  Kuro  Shi  wo,  or  warm  *'  Black 
Current"  of  Japan.  It  is  characterized  by  the  development 
of  the  snout  into  a  long  flat  blade,  extending  far  beyond  the 
mouth,  much  as  in  Polyodon  and  in  certain  Chimaeras.  Several 
specimens  are  now  known,  all  taken  by  Capt.  Alan  Owston 
of  Yokohoma  in  Sagami  Bay,  Japan.  The  original  specimen, 
a  young  shark  just  bom,  was  presented  by  him  to  Professor 
Kakichi  Mitstikuri  of  the  University  of  Tokyo.  From  this 
our  figure  was  taken.  The  largest  specimen  now  known  is  in 
the   United  States  National  Museum  and  is  foiirteen  feet  in 
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length.  In  the  Upper  Cretaceous  is  a  very  similar  geniM, 
Scapanorhynchus  (lewisi,  etc.).  which  Professor  Woodward  thinks 
may  be  even  generically  identical  with  Mtisukurina,  though 
there  is  considerable  difference  in  the  form  of  the  still  longer 
rostral  plate,  and  the  species  of  Scapanorhynchus  differ  amoi^ 
themselves  in  this  regard. 

Milsiikurina,  with  Heterodonius,  Heptranchias,  and  Chlamy- 
doselache,  is  a  very  remarkable  sur\-ival  of  a  very  ancient  form. 


It  is  an  interesting  fact  that  the  center  of  abundance  of  all 
these  relics  of  ancient  life  is  in  the  Black  Current,  or  Gulf  Stream, 
of  Japan. 

Family  AlopUd«e,  or  Thresher  Sharks. — The  related  family  of 
Aloptida  contains  probably  but  one  recent  species,  the  great 
fox-shark,  or  thresher,  found  in  all  warm  seas.  In  this  species, 
Aiopias  vitlpes,  the  tail  is  as  long  as  the  rest  of  the  body  and 
bent  upward  from  the  base.  The  snout  is  verj'  short,  and 
the  teeth  are  small  and  close-set.  The  species  reaches  a  length 
of  about  twenty-five  feet.  It  is  not  especially  ferocious,  and  the 
current  stories  of  its  attacks  on  whales  probably  arise  from 
a  mistake  of  the  observers,  who  have  taken  the  great  killer, 
Orca,  for  a  shark.  The  killer  is  a  mammal,  allied  to  the  por- 
poise. It  attacks  the  whale  with  great  ferocity,  clinging  to 
its  flesh  by  its  strong  teeth.  The  whale  rolls  over  and  over, 
thro^ving  the  killer  into  the  air,  and  sailors  report  it  as  a  thresher. 
As  a  matter  of  fact  the  thresher  very  rarely  if  ever  attacks 
any  animal  except  small  fish.  It  is  said  to  use  its  tail  in  round- 
ing up  and  destroying  schools  of  herring  and  sardines.  Fossil 
teeth  of  thresher-sharks  of  some  species  are  found  from  the 
Miocene. 

Family  Pseodotriakidc — The  Psetidotriakida  consist  of  two 
species.      One  of  these  is  Pseudotriakis  microdon,  a  large  shark 
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with  a  long  low  tail,  long  and  low  dorsal  fin,  and  small  teeth. 
It  has  been  only  twice  taken,  off  Portugal  and  off  Long  Island. 
The  other,  the  mute  shark,  Pseudoiriakis  acrales,  a  large  shark 
with  the  body  as  soft  as  a  rag,  is  in  the  museum  of  Stanford 
University,  having  been-  taken  by  Mr.  Owston  off  Misaki. 

Family  Lanmide. — To  the  family  of  Lamnidw  proper  belong 
the  swiftest,  strongest,  and  most  voracious  of  all  sharks.      The 
chief  distinction  lies  in  the  lunate  tail,  which  has  a  keel  i 
either  side  at  base,  as  in  the  mackerels.     This 
form  is  especially  favorable  for  swift  swim- 
ming,   and  it    has  been  independently  de- 
veloped  in  the  mackerel-sharks,  as  in  the  i 
macker-ls,  in  the  interest  of  speed  in  move- 
ment. 

The  porbeagle,  Lamna  cornubica,  known  I 
as  salmon-shark  in  Alaska,  has  long  been  I 
noted  for  its  murderous  voracity.     About  ^  -.     ,    , , 

'  FiQ.  185.— ToothofLam- 

Kadiak  Island  it  destroys  schools  of  na  cvspidata  Ajaaat. 
salmon,  and  along  the  coasts  of  Japan,  and  l!J™3^'  (AturNkt- 
especially  of  Europe  and  across  to  New  oison.) 
England,  it  makes  its  evil  presence  felt  among  the  fishermen. 
Numerous  fossil  species  of  Lmiiita  occur,  known  by  the  long 
knife-like  fiexuous  teeth,  each  having  one  or  two  small  cusps 
at  its  base. 


ot  all  sharks,      l^e 
vhich  has  a  keel  on 


Fia.   130.  ^Mackerel-shark,  huropsis  dcknyi  Gill.     Penaacola,  Fla. 


In  the  closely  related  genus,  isnriis,  the  mackerel-sharks, 
this  cusp  is  wanting,  while  in  Isuropsis  the  dorsal  fin  is  set 
farther  back.  In  each  of  these  genera  the  species  reach  a 
length  of  2o  to  25  feet.     Each  is  strong,  swift,  and  voracious. 
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I  sums  oxyrhynchus  occurs  in  the  Mediterranean,  Isuropsis  dekayi, 

in  the  Gulf  of  Mexico,  and  Isuropsis  glauca^  from  Hawaii  and 

Japan  westward  to  the  Red  Sea. 

Man-eating  Sharks. — Equally  swift  and  vastly  stronger  than 

these  mackerel-sharks  is  the  man-eater,  or  great  white  shark, 

Carcharodon  carcharias.  This  shark,  found 
occasionally  in  all  warm  seas,  reaches  a  length 
of  over  thirty  feet  and  has  been  known  to 
devour  men.  According  to  Linnaeus,  it  is  the 
animal  which  swallowed  the  prophet  Jonah. 
**  Jonam  Prophetum,"  he  observes,  **ut  veteris 
Herculem  trinoctem,  in  hujus  veritriculo  tri- 

FiG.  187  — Tooth  of    J    .  X        I.      •  •     -1  ^  »» 

Isurxis       hastalis  dui  spateo  ba^sisse,  verosimile  est. 

(Agassiz).      Mio-         j^   {§    beyond    comparison    the   most   vo- 

cene.  Family  Lam-  -^  \ 

nidcB,  (After  Nich-  racious    of    fish-hke   animals.      ISicar   Soquel, 
^    ^'^  California,     the    writer    obtained     a     speci- 

men in  1880,  with  a  yoimg  sea-lion  (Zalophus)  in  its  stomach. 
It  has  been  taken  on  the  coasts  of  Europe,  New  England,  Caro- 
lina, California,  Hawaii,  and  Japan,  its  distribution  evidently 
girdling  the  globe.  The  genus  Carcharodon  is  known  at  once  by 
its  broad,  evenly  triangular,  knife-like  teeth,  with  finely  serrated 
edges,  and  without  notch  or  cusp  of  any  kind.  But  one  species 
is  now  living.  Fossil  teeth  are  foimd  from  the  Eocene.  One  of 
these,  Carcharodon  megalodon  (Fig.  138),  from  fish-guano  deposits 
in  South  Carolina  and  elsewhere,  has  teeth  nearly  six  inches  long. 
The  animal  could  not  have  been  less  than  ninety  feet  in  length. 
These  huge  sharks  can  be  but  recently  extinct,  as  their  teeth 
have  been  dredged  from  the  sea-bottom  by  the  Challenger 
in  the  mid-Pacific. 

Fossil  teeth  of  Lantern  and  Isurus  as  well  as  of  Carcharodon 
are  foimd  in  great  abimdance  in  Cretaceous  and  Tertiary  rocks. 
Among  the  earlier  species  are  forms  which  connect  these  genera 
very  closely. 

The  fossil  genus  Otodus  must  belong  to  the  Lamnidco.  Its 
massive  teeth  with  entire  edges  and  blimt  cusps  at  base  are 
common  in  Cretaceous  and  Tertiary  deposits.  The  teeth  are 
formed  much  as  in  Lamna,  but  are  blimter,  hea\4er,  and  much 
less  effective  as  instruments  of  destruction.  The  extinct  genus 
Cor  ax  is  also  placed  here  by  Woodward. 
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Family  Cetorhinidse,  or  Basking  Sharks. — The  largest  of  all 
living  sharks  is  the  great  basking  shark  (Cetorhmus  tnaxtmus), 
constituting  the  family  of  Cetorhinida.  This  is  the  largest  of 
all  fishes,  reaching  a  length  of  thirty-six  feet  and  an  enormous 


Family    Lam 


weight.  It  is  a  dull  and  sluggish  animal  of  the  northern  seas, 
almost  as  inert  as  a  sawlog,  often  floating  slowly  southward  in 
pairs  in  the  spring  and  caught  occasionally  by  whalers  for  its 
liver.  When  caught,  its  huge  flabby  head  spreads  out  wide  on 
the  ground,  its  weight  in  connection  with  the  great  size  of  the 
mouth-cavity  rendering  it  shapeless.  Although  so  clumsy 
and  without  spirit,  it  is  said  that  a  blow  with  its  tail  will  crush 
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an  ordinary  whaleboat.  The  basking  shark  is  known  on  all 
northern  coasts,  but  has  most  frequently  been  taken  in  the 
North  Sea,  and  about  Monterey  Bay  in  California.  From  this 
locality  specimens  have  been  sent  to  the  chief  museijms  of 
Etuvpe.  In  its  external  characters  the  basking  shark  has  much 
in  common  with  the  man-eater.     Its  body  is,    however,  rela- 


Flo.   189- — Basking  Shark,  Cetorhin 


,   (Gui 


pt).     France. 


tively  clumsy  forward;  its  fins  are  lower,  and  its  gill-openings 
are  much  broader,  almost  meeting  imder  the  throat.  The 
great  difference  lies  in  the  teeth,  which  in  Cetorhinus  are  very 
small  and  weak,  about  200  in  each  row.  The  basking  shark, 
also  called  elephant-shark  and  bone-shark,  does  not  pursue  its 
prey,  but  feeds  on  small  creatures  to  be  taken  without  effort. 
Fossil  teeth  of  Cetorhinus  have  been  found  from  the  Creta- 
ceous, as  also  fossil  gill-rakers,  structures  which  in  this  shark 
are  so  long  as  to  suggest  whalebone. 

Family  Rbmeodontid«e.  —  The  whale-sharks,  Rhiiteodonlidce, 
are  likewise  sluggish  monsters  with  feeble  teeth  and  keeled 
tails.  From  Cetorhinus  they  differ  mainly  in  having  the  last 
gill-opening  above  the  pectorals.  There  is  probably  but  one 
species,  Rkineodon  typicus,  of  the  tropical  Pacific,  straying  north- 
ward to  Florida,  Lower  California,  and  Japan, 

The  Carcharioid  Sharks,  or  Requins.—  The  largest  family  of  re- 
cent sharks  is  that  of  Carchariida:  (often  called  Galeorhimdce, 
or  Galeida),  a  modem  offshoot  from  the  Lamnoid  type,  and 
especially  characterized  by  the  presence  of  a  third  eyelid,  the 
nictitating  membrane,  which  can  be  drawn  across  the  eye  from 
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below.  The  heterocercal  tail  has  no  keel;  the  end  is  bent  up- 
ward ;  both  dorsal  fins  are  present,  and  the  first  is  well  in  front 
of  the  ventral  fins;  the  last  gill-opening  over  the  base  of  the 
pectoral,  the  head  normally  formed ;  these  sharks  are  ovo vivipa- 
rous, the  yoimg  being  hatched  in  a  sort  of  uterus,  with  or 
without  placental  attachment. 

Some  of  these  sharks  are  small,  blimt-toothed,  and  innocuous. 
Others  reach  a  very  large  size  and  are  surpassed  in  voracity 
only  by  the  various  Larmtidcc. 

The  genera.  CyniassLTid  Mtistelns,  comprising  the  soft-mouthed 
or  hoimd-sharks,  have  the  teeth  flat  and  paved,  while  well- 
developed  spiracles  are  present.  These  small,  harmless  sharks 
abound  on  almost  all  coasts  in  warm  regions,  and  are  largely 
used  as  food  by  those  who  do  not  object  to  the  harsh  odor  of 


Fig.    140. — Soup-fin  Shark,  Galeus  zyoptems  (Jordan  &  Gilbert).     Monterey. 


shark's  flesh.  The  best-known  species  is  Cynias  cants  of  the 
Atlantic.  By  a  regular  gradation  of  intermediate  forms,  through 
such  genera  as  Rhinoiriacis  and  Triakis  with  tricuspid  teeth,  we 
reach  the  large  sharp-toothed  members  of  this  family.  Galeus  (or 
Galeorhimis)  includes  large  sharks  having  spiracles,  no  pit  at  the 
root  of  the  tail,  and  with  large,  coarsely  serrated  teeth.  One 
species,  the  soup-fin  shark  (Galeus  zyopierus),  is  found  on  the 
coast  of  California,  where  its  fins  are  highly  valued  by  the 
Chinese,  selling  at  from  one  to  two  dollars  for  each  set.  The 
delicate  fin-rays  are  the  part  used,  these  dissolving  into  a  finely 
flavored  gelatine.  The  liver  of  this  and  other  species  is  used 
in  making  a  coarse  oil,  like  that  taken  from  the  dogfish.  Other 
species  of  Galeus  arc  found  in  other  regions,  Galeus  galeus  being 
known  in  England  as  tope,  Galeus  japonicus  abounding  in  Japan. 
Galeocerdo  differs  mainly  in  having  a  pit  at  the  root  of  the 
tail.     Its  species,  large,  voracious,  and  tiger-spotted,  are  found 
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in  warm  seas  and  known  as  tiger-sharks  (Galeocerdo  maatlatus 
in  the  Atlantic,  Galeocerdo  ttgrinus  in  the  Pacific). 

The  species  of  Carduxrias  (Carckarhinus  of  Blainville)  lack 
the  spiracles.  These  species  are  very  numeroiis,  voracious, 
armed  with  sharp  teeth,  broad  or  narrowj  and  finely  serrated 
on  both  edges.  Some  of  these  sharks  reach  a  length  of  thirty  feet. 
They  are  very  destructive  to  other  fishes,  and  often  to  fishery 
apparatus  as.  well.  They  are  sometimes  sought  as  food,  more 
often  for  the  oil  in  their  livers,  but,  as  a  rule,  they  arc  rarely 
caught  except  as  a  measure  for  getting  rid  of  them.  Of  the 
many  species  the  best  known  is  the  broad-headed  Carcharias 
lamia,  or  cub-shark,  of  the  Atlantic.  This  the  writer  has  taken 
with  a  great  hook  and  chain  from  the  wharves  at  Key  West. 
These  great  sharks  swim  about  harbors  in  the  tropics,  acting  as 


Fio,  141. — Cub-ahark,  Carehariiu  lamia  Rafineeque.    Florida. 


scavengers  and  occasionally  seizing  arm  or  leg  of  those  who 
venture  within  their  reach.  One  species  (Carcharias  nicara- 
guensis)  is  found  in  Lake  Nicaragua,  the  only  fresh-water  shark 
known,  although  some  run  up  the  brackish  mouth  of  the  Ganges 
and  into  Lake  Pontchartrain.  Carcharias  japonicus  abounds  in 
Japan, 

A  closely  related  genus  is  Prtonace,  its  species  Prionace 
glatica,  the  great  blue  shark,  being  slender  and  swift,  with  the 
dorsal  farther  back  than  in  Carcharias.  Of  the  remaining 
genera  the  most  important  is  Scoliodon,  small  sharks  with 
oblique  teeth  which  have  no  serrature.  One  of  these,  Scoliodon 
ierrs-tiova:,  is  the  common  sharp-nosed  shark  of  our  Carolina 
coast.  Fossil  teeth  representing  nearly  all  of  these  genera 
are  common  in  Tertiary  rocks. 

Probably  aUied  to  the  Carchariida  is  the  genus  Corax, 
containing  large  extinct  sharks  of  the  Cretaceous  with  broad- 
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triangular  serrate  teeth,  very  massive  in  substance,  and  without 

denticles.     As  only  the  teeth  are  known,  the  actual  relations 

of  the  several  species  of  Corax 

are  not  certainly  known,  and 

they  may  belong  to  the  Lam- 

nidcE. 

Family  Sphymidfe,  or  Ham- 
mer-head Sharks.— The  Sphyrni- 
d<E,  or  hammer-headed  sharks, 
are  exactly  like  the  Carcha- 
riid<B  except  that  the  sides  of 
the  head  are  produced,  so  as 
to  give  it  the  shape  of  a  ham- 
mer or  of  a  kidney,  the  eye 
being  on  the  produced  outer  edge.  The  species  are  few,  but 
mostly  widely  distributed ;  rather  large,  voracious  sharks  with 
small  sharp  teeth. 

The  true  hammer-head,  Sphyrna  zygca^na.  Fig.  143,  is  common 
from  the  Mediterranean  to  Cape  Cod,  California,  Hawaii,  and 
Japan.  The  singular  form  of  its  head  is  one  of  the  most  ex- 
traordinary modifications  shown  among  fishes.  The  bonnet-head 
(Sphyrna  tibiiro)  has  the  head  kidney-shaped  or  crescent-shaped. 
It  is  a  smaller  fish,  but  much  the  same  in  distribution  and  habits. 
Intermediate  forms  occur,  so  that  with  all  the  actual  differences 
we  must  place  the  Sphyrnidce  all  in  one  genus.  Fossil  hammer- 
heads occur  in  the  Miocene,  but  their  teeth  are  scarcely  different 
from  those  of  Carcharias.  Sphyrna  prisca,  described  by  Agassiz, 
is  the  primeval  species. 

The  Order  of  Tectospondyli. — The  sharks  and  rays  having  no 
anal  fin  and  with  the  calcareous  lamellcc  arranged  in  one  or 
more  rings  around  a  central  axis  constitute  a  natural  group  to 
which,  following  Woodward,  we  may  apply  the  name  of  Tecto- 
spondyli. The  Cyclospondyli  {Sqtialid<c,  etc.)  with  one  ring 
only  of  calcareous  lamella  may  be  included  in  this  order,  as 
also  the  rays,  which  have  tectospondylous  vertebrae  and  differ 
from  the  sharks  as  a  group  only  in  having  the  gill-openings 
relegated  to  the  lower  side  by  the  expansion  of  the  pectoral 
fins.  The  group  of  rays  and  Hasse's  order  of  Cyclospondyli  we 
may  consider  each  as  a  suborder  of  Tectospondyli.     The  origin 
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of  this  group  is  probably  to  be  found  in  or  near  the  Cestraciontes, 
as  the  strong  dorsal  spines  of  the  SqualidcB  resemble  those 
of  the  HeterodontidcB. 

Suborder  Cyclospondyli. — In  this  group  the  vertebrae  have 
the  calcareous  lamellae  arranged  in  a  single  ring  about  the  cen- 
tral axis.  The  anal  fin,  as  in  all  the  tectospondylous  sharks 
and  rays,  is  wanting.  In  all  the  asterospondylous  sharks, 
as  in  the  Ichthyotomi,  Acanthodei,  and  Chimcoras,  this  fin  is 
present.  It  is  present  in  almost  all  of  the  bony  fishes.  All 
the  species  have  spiracles,  and  in  all  are  two  dorsal  fins.  None 
have  the  nictitating  membrane,  and  in  all  the  eggs  are  hatched 
internally.  Within  the  group  there  is  considerable  variety 
of  form  and  structure.  As  above  stated,  we  have  a  perfect 
gradation  among  Tectospondyli  from  true  sharks,  with  the 
gill-openings  lateral,  to  rays,  which  have  the  gill-opening  on 
the  ventral  side,  the  great  expansion  of  the  pectoral  fins,  a 
character  of  relatively  recent  acquisition,  having  crowded  the 
gill-openings  from  their  usual  position. 

Family  Squalid®. — The  largest  and  most  primitive  family 
of  Cyclospondyli  is  that  of  the  Squalidce,  collectively  known  as 
dogfishes  or  skittle-dogs.  In  the  Squalidco  each  dorsal  fin  has 
a  stout  spine  in  front,  the  caudal  is  bent  upward  and  not  keeled, 
and  the  teeth  are  small  and  varied  in  form,  usually  not  all  alike 
in  the  same  jaw. 

The  genus  Sqiialus  includes  the  dogfishes,  small,  greedy 
sharks  abundant  in  almost  all  cool  seas  and  in  some  tropical 


Fig.   144  — Dogfish,  Squalus  acanthias  L.     Gloucester,  Mass. 

waters.  They  are  known  by  the  stout  spines  in  the  dorsal  fins 
and  by  their  sharp,  squarish  cutting  teeth.  They  are  largely 
sought  by  fishermen  for  the  oil  in  their  livers,  which  is  used  to 
adulterate  better  oils.     Sometimes  20,000  have  been  taken  in  one 
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haul  of  the  net.  They  are  very  destructive  to  herrings  and  other 
food-fishes.  Usually  the  fishermen  cut  out  the  liver,  throwing 
the  shark  overboard  to  die  or  to  be  cast  on  the  beach.  In 
northern  Europe  and  New  England  Squalus  acanthias  is  abun- 
dant. Squalus  sucklii  replaces  it  in  the  waters  about  Puget 
Sound,  and  Squalus  miisukurii  in  Japan  and  Hawaii.  Still 
others  are  found  in  Chile  and  Australia.  The  species  of  Squalus 
live  near  shore  and  have  the  gray  color  usual  among  sharks. 
Allied  forms  perhaps  hardly  different  from  Squalus  are  foimd  in 
the  Cretaceous  rocks  and  have  been  described  as  Centrophoroides. 
Other  genera  related  to  Squalus  live  in  greater  depths,  from  100 
to  600  fathoms,  and  these  are  violet-black.  Some  of  the  deep- 
water  forms  are  the  smallest  of  all  sharks,  scarcely  exceeding  a 


m  S 

Fig.  145. — Etmapienis  lucifer  Jordan  &  Snyder.     Misaki,  Japan. 

foot  in  length.  Etnwpterus  spinax  lives  in  the  Mediterranean, 
and  teeth  of  a  similar  species  occur  in  the  Ita'ian  PUocene 
rocks.  Etmopterus  lucifer* a  deep-water  species  of  Japan,  has  a 
brilliant  luminous  glandular  area  along  the  sides  of  the  belly. 
Other  small  species  of  deeper  waters  belong  to  the  genera 
Centrophorus,  Centroscymnus,  and  Deania.  In  some  of  these 
species  the  scales  are  highly  specialized,  pedunculate,  or  having 
the  form  of  serrated  leaves.  Some  species  are  Arctic,  the  others 
are  most  abimdant  about  Misaki  in  Japan  and  the  Madeira 
Islands,  two  regions  especially  rich  in  semibathybial  types. 
Allied  to  the  Squalidce  is  the  small  family  of  Oxynotidce  ^^-ith 
short  bodies  and  strong  dorsal  spine.  Oxynotus  centrina  is  foimd 
in  the  Mediterranean,  and  its  teeth  occur  in  the  Miocene. 

Family  Dalatiito. — The  Dalatiidce,  or  scymnoid  sharks,  differ 
from  the  SqualicUe  almost  solely  in  the  absence  of  dorsal  spines. 
The  smaller  species  belonging  to  Dalatias  {Scymnorhinus,  or 
Scymnus),  Dalatias  licha,  etc.,  are  very  much  like   the    dog- 

^  Dr.  Peter  Schmidt  has  made  a  sketch  of  this  little  shark  at  night  from  a 
living  example,  using  its  own  light. 
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fishes.  They  are,  however,  nowhere  very  common.  The  teeth 
of  Dalatias  major  exist  in  Miocene  rocks.  In  the  genus 
Somniosus  the  species  are  of  very  much  greater  size,  Somniosus 
micTocephalus  attaining  the  length  of  about  twenty-five  feet. 
This  species,  known  as  the  sleeper-shark  or  Greenland  shark, 
lives  in  all  cold  seas  and  is  an  especial  enemy  of  the  whale,  from 
which  it  bites  large  masses  of  flesh  with  a  ferocity  hardly  to  be 
expected  from  its  clumsy  appearance.  From  its  habit  of  feeding 
on  fish-offal,  it  is  known  in  New  England  as  "gurry-shark."  Its 
small  quadrate  teeth  are  very  much  like  those  of  the  dogfish, 
their  tips  so  turned  aside  as  to  form  a  cutting  edge.  The  species 
is  stout  in  form  and  sluggish  in  movement.  It  is  taken  for 
its  liver  in  the  north  Atlantic  on  both  coasts  in  Puget  Sound 
and  Bering  Sea,  and  I  have  seen  it  in  the  markets  of  Tokyo.  In 
Alaska  it  abounds  about  the  salmon  canneries  feeding  on  the 
refuse. 

Family  EcliiDorhiDidse. — The  bramble-sharks,  Echinorhinida:, 
differ  in  the  posterior  insertion  of  the  very  small  dorsal  fins, 
and  in  the  presence  of  scattered  round  tubercles,  like  the  thorns 
of  a  bramble  instead  of  shagreen.  The  single  species,  Echinorhi- 
niis  spinosus  reaches  a  large  size.  It  is  rather 
scarce  on  the  coasts  of  Europe,  and  was  once 
taken  on  Cape  Cod.  The  teeth  of  an  extinct 
species,  Echinorhinus  richardi,  are  found  in  the 
Pliocene. 

Suborder  Rhinse. — The  suborder  Rhiucc  in- 
cludes those  sharks  having  the  vertebra;  tecto- 
spondylous,  that  is,  with  two  or  more  scries  of 
calcified  lamell-T,  as  on  the  rays.  They  are 
transitional  forms,  as  near  the  rays  as  the 
sharks,  although  having  the  gill-openings  rather 
lateral  than  inferior,  the  great  pectoral  fins 
being  separated  by  a  notch  from  the  head. 

The  principal  family  is  that  of  the  angel- 
fishes,  or  monkfishes  (Sqitalhiulu-).       In  this 
group  the  body  is  depressed  and  flat  like  that    'MonMshi'^s'^iTO 
of  a  ray.     The  greatly  enlarged  pectorals  form     f?™'!"?!?"    (After 
a  sort  of  shoulder  in  front  alongside  of  the 
gill-openings,  which  has  suggested  the  bend  of  the  angel's  wing. 
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The  dorsals  are  small  and  far  back,  the  tail  is  slender  with 
small  fins,  all  these  being  characters  shared  by  the  rays.  But 
one  genus  is  now  extant,  widely  diffused  in  warm  seas.  The 
species  if  really  distinct  are  all  very  close  to  the  European 
Squatina  squaHna.  This  is  a  moderate-sized  shark  of  sluggish 
habit  feeding  on  crabs  and  shells,  which  it  crushes  with  its 
small,  pointed,  nail-shaped  teeth.  Numerous  fossil  species  of 
Squatina  are  found  from  the  Triassic  and  Cretaceous,  Squatina 
alifera  being  the  best  known. 

Family  Pristiophoriiltt,  or  Sawsbarks.  —  Another  highly  aber- 
rant family  is  that  of  the  sawsbarks,  Pristiophorida.  These  are 
small  sharks,  much  like  the  Dalatiida  in  appearance,  but  with  the 
snout  produced  into  a  long  flat  blade,  on  either  side  of  which  is  a 


Fia.  147  — Sawshark,  Prntio-phorus  japonicug  Giinther.     Specimen  trom  Nagasaki. 

row  of  rather  small  sharp  enameled  teeth.  These  teeth  are  smaller 
and  sharper  than  in  the  sawfish  (Pristis),  and  the  whole  animal 
is  much  smaller  than  its  analogue  among  the  rays.  This  saw 
must  be  an  effective  weapon  among  the  schools  of  herring  and 
anchovies  on  which  the  sawsbarks  teed.  The  true  teeth  are 
small,  sharp,  and  close-set.  The  few  species  of  sawsbarks 
are  marine,  inhabiting  the  shores  of  eastern  Asia  and  Aus- 
tralia. PrisliophoTus  japonicus  is  found  rather  sparsely  along 
the  shores  of  Japan.  The  vertebras  in  this  group  are  also  tecto- 
spondylous.  Both  the  Squatina  and  Pristiophorus  represent  a 
perfect  transition  from  the  sharks  and  rays.  We  regard  them 
as  sharks  only  because  the  gill-openings  are  on  the  side,  not 
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crowded  downward  to  the  tinder  side  of  the  body-disk.  As 
fossil,  Pristiophorus  is  known  only  from  a  few  detached  verte- 
brae found  in  Germany. 

Suborder  Batoidei,  or  Rays. — The  suborder  of  Batoidei,  RajcB, 
or  Hypotrema,  including  the  skates  and  rays,  is  a  direct  modem 
offshoot  from  the  ancestors  of  tectospondylous  sharks,  its  char- 
acters all  specialized  in  the  direction  of  life  on  the  bottom  with 
a  food  of  shells,  crabs,  and  other  creatures  less  active  than  fishes. 

The  single  tangible  distinctive  character  of  the  rays  as  a 
whole  lies  in  the  position  of  the  gill-openings,  which  are  directly 
below  the  disk  and  not  on  the  side  of  the  neck  in  all  the  sharks. 
This  difference  in  position  is  produced  by  the  anterior  encroach- 
ment of  the  large  pectoral  fins,  which  are  more  or  less  attached  to 
the  side  of  the  head.  By  this  arrangement,  which  aids  in  giving 
the  body  the  form  of  a  flat  disk,  the  gill-openings  are  limited 
and  forced  downward.  In  the  SquatinidcB  (angel-fishes)  and 
the  Pristiophorid(B  (sawsharks)  the  gill-openings  have  an  inter- 
mediate position,  and  these  families  might  well  be  referred  to 
the  Batoidei,  with  which  group  they  agree  in  the  tectospondy- 
lous vertebrae. 

Other  characters  of  the  rays,  appearing  progressively,  are 
the  widening  of  the  disk,  through  the  greater  and  greater  de- 
velopment of  the  fins,  the  reduction  of  the  tail,  which  in  the 
more  specialized  forms  becomes  a  long  whip,  the  reduction,  more 
and  more  posterior  insertion,  and  the  final  loss  of  the  dorsal 
fins,  which  are  always  without  spine,  the  reduction  of  the  teeth 
to  a  tessellated  pavement,  then  finally  to  flat  plates  and  the 
retention  of  the  large  spiracle.  Through  this  spiracle  the  rays 
breathe  while  lying  on  the  bottom,  thus  avoiding  the  danger  of 
introducing  sand  into  their  gills,  as  would  be  done  if  they 
breathed  through  the  mouth.  In  common  with  the  cyclospon- 
dylous  sharks,  all  the  rays  lack  the  anal  fin.  The  rays  rarely 
descend  to  great  depths  in  the  sea.  The  different  members 
have  varying  relations,  but  the  group  most  naturally  divides 
into  thick-tailed  rays  or  skates  (Sarctira)  and  whip-tailed  rays 
or  sting-rays  {Masticitra).  The  former  are  much  nearer  to  the 
sharks  and  also  appear  earliest  in  geological  times. 

Pristididse,  or  Sawfishes. — The  sawfishes,  Pristididcs,  are  long, 
shark-like  rays  of  large  size,  having,  like  the  sawsharks,  the 
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snout  prolonged  into  a  very  long  and  strong  flat  blade,  with 
a  series  of  strong  enameled  teeth  implanted  in  sockets  along 
either  side  of  it.  These  teeth  are  much  larger  and  much  less 
sharp  than  in  the  sawsharks,  but  they  are  certainly  homolo- 
gous with  these,  and  the  two  groups  must  have  a  common  de- 
scent, distinct  from  that  of  the  other  rays.  Doubtless  when 
taxonomy  is  a  more  refined  art  they  will  constitute  a  small 
suborder  together.  This  character  of  enameled  teeth  on  the 
snout  would  seem  of  more  importance  than  the  position  of  the 
gill-openings  or  even  the  flattening  and  expansion  of  the  body. 
The  true  teeth  in  the  sawfishes  are  bltmt  and  close-set,  pave- 
ment-like as  befitting  a  ray.     (See  Fig.  54.) 

The  sawfishes  are  fotmd  chiefly  in  river-mouths  of  tropi- 
cal America  and  West  Africa:  Pristis  pectinatus  in  the  West 


Fig.  148. — Sawfish,  Pristis  pectinatus  Latham.     Pensacola,  Fla. 


Indies;  Pristis  zephyreus  in  western  Mexico;  and  Pristis  pecti- 
natus in  the  Senegal.  They  reach  a  length  of  ten  to  twenty  feet, 
and  with  their  saws  they  make  great  havoc  among  the  schools 
of  mullets  and  sardines  on  which  they  feed.  The  stories  of 
their  attacks  on  the  whale  are  without  foimdation.  The  writer 
has  never  foimd  any  of  the  species  in  the  open  sea.  They 
live  chiefly  in  the  brackish  water  of  estuaries  and  river-mouths. 

Fossil  teeth  of  sawfishes  occur  in  abtmdance  in  the  Eocene. 
Still  older  are  vertebrae  from  the  Upper  Cretaceous  at  Maes- 
tricht.  In  Pro  pristis  schweinfurthi  the  tooth-sockets  are 
not  yet  calcified.  In  Sclerorhynchus  atavuSy  from  the  Upper 
Cretaceous,  the  teeth  are  complex  in  form,  with  a  *' crimped" 
or  stellate  base  and  a  sharp,  backward-directed  enameled  crown. 

Rhinobatitoy  or  Guitar-fishes.  —  The  Rhinobatidw  (guitar- 
fishes)  are  long-bodied,  shovel-nosed  rays,  with  strong  tails ;  they 
are  ovoviviparous,  hatching  the  eggs  within  the  body.  The  body, 
like  that  of  the  shark  or  sawfish,  is  covered  with  nearly  imiform 
shagreen.  The  numerous  species  abound  in  all  warm  seas ;  they 
are  olive-gray  in  color  and  feed  on  small  animals  of  the  sea- 
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bottoms.  The  length  of  the  snout  differs  considerably  in 
different  species,  but  in  all  the  body  is  relatively  long  and  strong. 
Most  of  the  species  belong  to  Rhinobatus.  The  best-known 
American  species  are  Rhinobatus  lentiginosus  of  Florida  and 
Rhinobatus  productus  of  California.  The  names  guitar-fish, 
fiddler-fish,  etc.,  refer  to  the  form  of  the  body.  Numerous 
fossil  species,  allied  to  the  recent  forms,  occur  from  the  Jurassic. 
Species  much  like  Rhinobalits  occur  in  the  Cretaceous  and  Eocene. 
Tamiobatis  vetustus,  lately  described  by  Dr.  Eastman  from  a 
skull  found  in  the  Devonian  of  eastern  Kentucky,  the  oldest 
ray-like  fish  yet  known,  is  doubtless  the  type  of  a  distinct 
family,  Tam'obatida.  It  is  more  likely  a  shark  however  than 
a  ray,  althot^h  the  skull  has  a  flattened  ray-like  form. 


Fio.   149.— Guitar-fiah,   Rhinobatus  kntiginosua  Giimifln.     Cbarieston,  S.  C. 


Closely  related  to  the  Rhiitobatidcc  are  the  Rhinida;  (Rliam- 
phobatida),  a  small  family  of  large  rays  shaped  like  the  guitar- 
fishes  and  found  on  the  coast  of  Asia.  Rhina  ancylostoma 
extends  northward  to  Japan. 

In  the  extinct  family  of  Astrodermida:,  aUied  to  the  Rliino- 
baiid<c,  the  tail  has  two  smooth  spines  and  the  skin  is  covered 
with  tubercles.  In  Bclciunobatis  sismondw  the  tubercles  are 
conical;  in  Astrodcrmus  platyptertis  they  are  stellate. 

Rajidse,  or  Skates. — The  Rajida,  skates,  or  rays,  inhabit  the 
colder  waters  of  the  globe  and  are  represented  by  a  large  number 
of  living  species.  In  this  family  the  tail  is  stout,  with  two- 
rayed  dorsal  fins  and  sometimes  a  caudal  fin.  The  skin  is 
variously  armed  with  spines,  there  being  always  in  the  male  two 
series  of  specialized  spinous  hooks  on  the  outer  edge  of  the 
pectoral  fin.  There  is  no  serrated  spine  or  "sting,"  and  in 
all  the  species  the  eggs  are  laid  in  leathery  cases,  which  are 
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"wheelbarrow-shaped,"  with  a  projecting  tube  at  each  of  the 
four  angles.  The  size  of  this  egg-case  depends  on  the  size  of 
the  species,  ranging  from  three  to  about  eight  inches  in  length. 
In  some  species  more  than  one  egg  is  included  in  the  same  case. 

Most  of  the  species  belong  to  the  typical  genus  Raja,  and 
these  are  especially  numerous  on  the  coasts  of  all  northern 
regions,  where  they  are  largely  used  as  food.  The  flesh,  although 
rather  coarse  and  not  well  flavored,  can  be  improved  by  hot 
butter,  and  as  "raie  au  beurre  noir"  is  appreciated  by  the 
epicure.  The  rays  of  all  have  small  rounded  teeth,  set  in  a  close 
pavement. 

Some  of  the  species,  known  on  our  coasts  as  "barn-door 
skates,"  reach  a  length  of  four  or  five  feet.  Among  these  are 
Raja  liBvis  and  Raja  ocellata  on  oiu-  Atlantic  coast,  Raja  binocu- 


\ 
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Fio.  ISO, — Common  Skate,  Raja  erinacea  MitcbilL     Wood's  Hole,  Maas. 

lata  in  California,  and  Raja  tengu  in  Japan.  The  small  tobacco- 
box  skate,  brown  with  black  spots,  abundant  on  the  New  England 
Coast,  is  Raja  erinacea.  The  corresponding  species  in  Cali- 
fornia is  Raja  inornata,  and  in  Japan  Raja  kenojei.  Numerous 
other  species.  Raja  baits,  clavata,  circularis,  fullonica,  etc., 
occur  on  the  coasts  of  Europe.  Some  species  are  variegated  in 
color,  with  eye-like  spots  or  jet-black  marblings.  Still  others, 
living  in  deep  waters,  are  jet-black  with  the  body  very  soft  and 
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limp.  For  these  Garman  has  proposed  the  generic'name  Mala- 
corktnus,  a  name  which  may  come  into  general  use  when  the 
species  are  better  known.  In  the  deep  seas  rays  are  found 
even  rnider  the  equator.  In  the  south-temperate  zone  the 
species  are  mostly  generically  distinct,  Psammobatis  being  a 
typical  form,  differing  from  Raja.  Discobaius  sinensis,  com- 
mon in  China  and  Japan,  is  a  shagreen-covered  form,  looking 
like  a  Rhinobatus.  It  is,  however,  a  true  ray,  laying  its  eggs 
in  egg-cases,  and  with  the  pectorals  extending  on  the  snout. 
Fossil  Rajid<E,  known  by  the  teeth  and  bony  tubercles,  are 
found  from  the  Cretaceous  onward.  They  belong  to  Raja  and 
to  the  extinct  genera  Dynatobatis.  Oncobatis,  and  Acanihobatis. 
The  genus  Arthropterits  {rileyi),  from  the  Lias,  known  from  a 
large  pectoral  fin,  with  distinct  cylindrical-jointed  rays,  may 
have  been  one  of  the  Rajidcc,  or  perhaps  the  type  of  a  distinct 
family,  Arihropteridcc . 

Narcobatidee,  or  Torpedoes. — The  torpedoes,  or  electric  rays 
(Narcobatid<E),  are  characterized  by  the  soft,  perfectly  smooth 


skin,  by  the  stout  tail  with  rayed  fins,  and  by  the  ovoviviparous 
habit,  the  eggs  being  hatched  internally.  In  all  the  species  is 
developed  an  elaborate  electric  organ,  muscular  in  its  origin 
and  composed  of  many  hexagonal  cells,  each  filled  with  soft 
fluid.     These  cells  are  arranged  under  the  skin  about  the  back 
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of  the  head  and  at  the  base  of  the  pectoral  fin,  and  are  capable 
of  benumbing  an  enemy  by  means  of  a  severe  electric  shock. 
The  exercise  of  this  power  soon  exhausts  the  animal,  and  a 
certain  amount  of  rest  is  essential  to  recovery. 

The  torpedoes,  also  known  as  crampfishes  or  numbfishes, 
are  peculiarly  soft  to  the  touch  and  rather  limp,  the  substance 
consisting  largely  of  watery  or  fatty  tissues.  They  are  found 
in  all  warm  seas.  They  are  not  often  abundant,  and  as  food 
they  have  not  much  value. 

Perhaps  the  largest  species  is  Tetronarce  occidentalis,  the 
crampfish  of  our  Atlantic  coast,  black  in  color,  and  said  some- 
times to  weigh  200  poimds.  In  California  Tetronarce  cali- 
fornua  reaches  a  length  of  three  feet  and  is  very  rarely  taken, 
in  warm  sandy  bays.  Tetronarce  nobiliana  in  Europe  is  much 
like  these  two  American  species.  In  the  Eiu-opean  species, 
Narcobatus  torpedo,  the  spiracles  are  fringed  and  the  animal 
is  of  smaller  size.  To  Narcine  belong  the  smaller  numbfish, 
or  "entemedor, "  of  tropical  America.  These  have  the  spiracles 
close  behind  the  eyes,  not  at  a  distance  as  in  Narcobatus  and 
Tetronarce.  Narcine  brasiliensis  is  found  throughout  the  West 
Indies,  and  Narcine  entemedor  in  the  Gulf  of  California.  Astrape, 
a  genus  with  but  one  dorsal  fin,  is  common  in  southern  Japan, 
Fossil  Narcobatus  and  Astrape  occur  in  the  Eocene,  one  speci- 
men of  the  former  nearly  five  feet  long.  Vertebrae  of  Astrape 
occur  in  Prussia  in  the  amber-beds. 

Petalodontidte.  —  Near  the  Squatinid<z,  between  the  sharks 
and  the  rays,  Woodward  places  the  large  extinct  family  of 
Petalodontidte,  with  coarsely  paved 
teeth  each  of  which  is  elongate 
with  a  central  ridge  and  one  or 
more  strong  roots  at  base.  The 
best-known  genera  are  Janassa  and 
Petalodus,  widely  distributed  in 
Carboniferous  time.  Janassa  is 
a  broad   flat   shark,   or,  perhaps, 

Flo.   1B2. — Teeth    of  Janasna  Itn-  .     .  _   j  ..■■  ., 

Worm,,  Attley.  CarboniterouB.     ^     skate,    covered    With    smooth 

^^r^ivPeialodoraida.     (After     shagreen.     The  large  pectoral  fins 

are  grown  to  the  head ;  the  rather 

large  ventral  fins  are  separated  from  them.     The  tail  is  small. 
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and  the  fins,  as  in  the  rays,  are  without  spines.  The  teeth 
bear  some  resemblance  to  those  of  Myliobatis.  Janassa  is  found 
in  the  coal-measures  of  Europe 
and  America,  and  other  genera 
extend  upward  from  the  Sub- 
carboniferous  limestones,  dis- 
appearing near  the  end  of  Car- 
boniferous time.     Petalodus  is     ^^  m.~Poi,^hitodu»  ™A«.n,  Agw- 

equally   common,   but     known  »'«-      Family  Pelalodonlidtr.      Carhon- 

,       ,  ,  ■        ^  ,  iforoua  of  Ireland.     (After  MpCov.) 

only  from   the  teeth.     Other 

widely  distributed  genera  are  Clenoptychius  and  Polyrhizodus. 

These  forms  may  be  intermediate  between  the  skates  and 
the  sting-rays.     In  dentition  they  resemble  most  the  latter. 

Similar  to  these  is  the  extinct  family  of  Pristodontidts  with 
one  large  tooth  in  each  jaw,  the  one  hollowed  out  to  meet  the 
other.  It  is  supposed  that  but  two  teeth  existed  in  life,  but 
that  is  not  certain.  Nothing  is  known  of  the  rest  of  the  body 
in  Pristodits,  the  only  genus  of  the  group. 

Dasyatidas,  or  Sting-rays, — In  the  section  Masticura  the  tail 
is  slender,  mostly  whip-like,  without  rayed  dorsal  or  caudal 
fins,  and  it  is  usually  armed  with  a  very  long  spine  with  saw- 
teeth projecting  backward.  In  the  typical  forms  this  is  a 
very  effective  weapon,  being  wielded  with  great  force  and  making 
a  jagged  wound  which  in  man  rarely  heals  without  danger  of 
blood-poisoning.  There  is  no  specific  poison,  but  the  slime 
and  the  loose  cuticle  of  the  spme  serve  to  aggravate  the  irregu- 
lar cut.  I  have  seen  one  sting-ray  thrust  this  spine  through 
the  body  of  another  lying  near  it  in  a  boat.  Occasionally  two 
or  three  of  these  spines  are  present.  In  the  more  speciahzed 
forms  of  sting-rays  this  spine  loses  its  importance.  It  be- 
comes very  small  and  not  functional,  and  is  then  occasionally 
or  even  generally  absent  in  individuals. 

The  common  sting-rays,  those  in  which  the  caudal  spine 
is  most  developed,  belong  to  the  family  of  Dasyatidai.  This 
group  is  characterized  by  the  small  skate-like  teeth  and  by 
the  non-extension  of  the  pectoral  rays  on  the  head.  The  skin  is 
smooth  or  more  or  less  rough.  These  animals  lie  flat  on  the  sandy 
bottoms  in  nearly  all  seas,  feeding  on  crabs  and  shellfish.  All 
hatch  the  eggs  within  the  body.     The  genus  Urolophus  has  a 


The  True  Sharks 


•3 


rounded  disk,  and  a  stout,  short  tail  with  a  caudal  fin.  It  has  a 
strong  spine,  and  for  its  size  is  the  most  dangerous  of  the  sting- 
rays. Urolcphus  haileri,  the  California  species,  was  named  for  a 
young  man  who  was  stung  by  the  species  at  the  time  of  its  first 
discovery  at  San  Diego  in  1863.  Vrolophus  jamaicensis  abounds 
in  the  West  Indies,  Vrolophus  mundtis  at  Panama,  and  Vrolo- 
phus juscus  in  Japan.  None  of  the  species  reach  Europe.  The 
true  sting-ray  (stingaree,  or  clam -cracker),  Dasyatis,  is  more 
widely  diffused  and  the  species  are  very  closely  related.  In 
these  species  the  body  is  angular  and  the  tail  whip-like.     Some 


Fio.  IM. — iSting-ray,  D<i»ja(i»  »iiiinn  Le  Sueur.    GilvestoD. 


of  the  species  reach  a  length  of  ten  or  twelve  feet.  None  have 
any  economic  value,  and  all  are  disliked  by  fishermen.  Dasyatis 
pastinaca  is  common  in  Europe,  Dasyatis  centrura  along  our 
Atlantic  coast,  Dasyatis  sabina  ascends  the  rivers  of  Florida, 
and  Dasyatis  dipterura  abounds  in  the  bay  of  San  Diego.  Other 
species  are  found  in  tropical  America,  while  still  others  {Dasyatis 
akajei,  kuklii,  zugei,  etc.)  swarm  in  Japan  and  across  India  to 
Zanzibar. 

Pteroplatea,  the  butterfly-ray,  has  the  disk  very  much  broader 
than  long,  and  the  trivial  tail  is  very  short,  its  little  spine  more 
often  lost  than  present.  Different  species  of  this  genus  circle 
the  globe:  Pteroplatea  maclura,  on  our  Atlantic  coast;  Ptero- 
platea marmorata,  in  California;  Pteroplatea  japonica,  in  Japan; 
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and  Pteroplatea  altavela,  in  Europe.  They  are  all  very  much 
alike,  olive,  with  the  brown  upper  surface  pleasingly  mottled 
and  spotted. 

Sting-rays  of  various  types,  Tcrniura,  Urolophus,  etc.,  occur 
as  fossils  from  the  Eocene  onward.  A  complete  skeleton  called 
Xiphotrygon  acutidens,  distinguished  from  Dasyatis  by  its 
sharp  teeth,  is  described  by  Cope  from  the  Eocene  of  Twin  Creek 
in  Wyoming.  Vertebrae  of  Urolophus  are  f  oimd  in  German  Eocene. 
Cyclobatis  {oligodactylus) ,  allied  to  Urolophus,  with  a  few  long 
pectoral  rays  greatly  produced,  extending  over  the  tail  and 
forming  a  rayed  wreath-like  projection  over  the  snout,  is  known 
from  the  Lower  Cretaceous. 

Myliobatite.  —  The  eagle-rays,  Myliobatidce,  have  the  pec- 
toral fins  extended  to  the  snout,  where  they  form  a  sort  of  rayed 
pad.  The  teeth  are  very  large,  flat,  and  laid  in  mosaic.  The 
whip-like  tail  is  much  like  that  in  the  Dasyatidw,  but  the  spine 
is  usually  smaller.  The  eagle-like  appearance  is  suggested 
by  the  form  of  the  skull.  The  eyes  are  on  the  side  of  the  head 
with  heavy  eyebrows  above  them.  The  species  are  destructive 
to  clams  and  oysters,  crushing  them  with  their  strong  flat  teeth. 

In  Aeiobatus  the  teeth  are  very  large,  forming  but  one  row. 
The  species  Aetobatus  narinari  is  showily  colored,  brown  with 
yellow  spots,  the  body  very  angular,  with  long  whip-like  tail. 
It  is  foimd  from  Brazil  to  Hawaii  and  is  rather  common. 

In  Alyliobatis  the  teeth  are  in  several  series.  The  species 
are  many,  and  found  in  all  warm  seas.  Myliobatts  aquila  is 
the  eagle-ray  of  Europe,  Myliobaiis  calif ornicus  is  the  batfish  of 
California,  and  Myliobaiis  iobijei  takes  its  place  in  Japan. 

In  Rhinopiera  the  snout  is  notched  and  cross-notched  in 
front  so  that  it  appears  as  if  ending  in  four  lobes  at  the  tip. 
These  **  cow-nosed  rays,"  or  ''whipparees,"  root  up  the  soft 
bottoms  of  shallow  bays  in  their  search  for  clams,  much  as  a 
drove  of  hogs  would  do  it.  The  common  American  species 
is  Rhino  pier  us  bonasiis.  Rhinoptcra  steindachneri  lives  in  the 
Gulf  of  California. 

Teeth  and  spines  of  all  these  genera  are  common  as  fossils 
from  the  Eocene  onwards,  as  well  as  many  of  the  extinct  genus, 
Ptychodiis,  with  cyclospondylous  vertebrrc.  Ptychodus  mam" 
milaris,  rngosus,  and  decurrcns  are  characteristic  of  the  Creta- 


The  True  Sharks 


215 


ceous  of  Ellwand.     Myliobaiis  dixoni  is  fxnuiuHi  in  the  Euro- 
pean   Eocene,  as  is  also    Mylwbatis  toliapicus  and  Aetobatis 


-E««lMa: 
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irregularis.    Apocopodon  seriactis  is  known  from  the  Cretaceous 
of  Brazil. 

Fannij  Pmnmodootidc  —  The  Psammodonlidtr  are  known 
only  from  the  teeth,  large,  flat,  or  rounded  and  finely  dotted  or 
roughened  <mi  the  upper  surface,  as  the  name  Psammodus  {^afiuo:. 
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sand ;  oSovs,  tooth)  would  indicate.  The  way  in  which  the 
jaws  lie  indicates  that  these  teeth  belonged  to  rays  rather  than 
sharks.  Numerous  species  have  been  described,  mostly  from 
the  Subcarboniferous  limestones.  Archzobaiis  gigas,  perhaps, 
as  its  name  would  indicate,  the  primeval  skate,  is  from  the 
Subcarboniferous  limestone  of  Greencastle,  Indiana.  Teeth 
of  numerous  species  of  Psammodus  and  Copodus  are  found  in 


Florida. 


many   rocks  of  Carboniferous  age,      Psammodus  rugosus  com- 
mon in  Carboniferous  rocks  of  Europe. 

Family  Mobulidfe. — The  sea -devils,  MobuUda:,  are  the  mightiest 
of  all  the  rays,  characterized  by  the  development  of  the  anterior 
lobe  of  the  pectorals  as  a  pair  of  cephalic  fins.  These  stand 
up  like  horns  or  ears  on  the  upper  part  of  the  head.  The  teeth 
are  small  and  flat,  tubercular,  and  the  whip-like  tail  is  with 
or  without  spine.  The  species  are  few,  little  known,  and  in- 
ordinately large,  reaching  a  width  of  more  than  twenty  feet 
and  a  weight,  according  to  Risso,  of  1250  pounds.  When  har- 
pooned it  is  said  that  they  will  drag  a  large  boat  with  great 
swiftness.      The  manta,   or  sea-devil,   of   tropical  America   is 
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Mania  birostris.  It  is  said  to  be  much  dreaded  by  the  pearl- 
fishers,  who  fear  that  it  will  devotu*  them  **  after  enveloping 
them  in  its  vast  wings."  It  is  not  likely,  however,  that  the 
manta  devours  anything  larger  than  the  pearl-oyster  itself. 
Mania  hamilioni  is  a  name  given  to  a  sea-devil  of  the  Gulf  of 
California.  The  European  species  Mobula  edentula  reaches  a 
similarly  enormous  size,  and  Mobula  hypostoma  has  been  scantily 
described  from  Jamaica  and  Brazil.  Mobula  japonica  occurs 
in  Japan.  A  foetus  in  my  possession  from  a  huge  specimen 
taken  at  Misaki  is  nearly  a  foot  across.  In  Mobula  (Cephaloptera) 
there  are  teeth  in  both  jaws,  in  Mania  (Ceraiopiera)  in  the  lower 
jaw  only.  In  Ceraiobaiis  from  Jamaica  (C.  roberisi)  there  are 
teeth  in  the  upper  jaw  pnly.  Otherwise  the  species  of  the  three 
genera  are  much  alike,  and  from  their  huge  size  are  little  known 
and  rarely  seen  in  collections.  Of  Mobulidcs  no  extinct  species 
are  known. 


CHAPTER  XV 

THE  HOLOCEPHALI,  OR  CHIMiERAS 

||HE  Chimseras.  —  Very  early  in  geological  times,  cer- 
tainly as  early  as  the  middle  Silurian,  the  type  of 
ChimcBtas  diverged  from  that  of  the  sharks.  Hasse 
derives  them  directly  from  his  hypothetical  primitive  Polyo- 
spondyli,  by  way  of  the  Acanthodei  and  Ichthyotomi.  In  any 
event  the  point  of  divergence  must  be  placed  very  early  in  the 
evolution  of  sharks,  and  this  suggestion  is  as  likely  as  any  other. 
The  chief  character  of  Chimaeras  is  found  in  the  autostylic  skull, 
which  is  quite  different  from  the  hyostylic  skull  of  the  sharks. 
In  the  sharks  and  in  all  higher  fishes  the  mandible  is  joined  to  the 
skull  by  a  suspensoriimi  of  bones  or  cartilages  (quadrate,  sym- 
plectic,  and  hyomandibular  bones  in  the  Teleost  fishes) .  To  this 
arrangement  the  name  hyostylic  is  given.  In  the  Chimaera  there 
is  no  suspensorium,  the  mandible  being  directly  attached  to 
the  cranium,  of  which  the  hyomandibular  and  quadrate  elements 
form  an  integral  part,  this  arrangement  being  called  autostylic. 
The  palato-quadrate  apparatus,  of  which  the  upper  jaw  is  the 
anterior  part,  is  immovably  fused  with  the  cranium,  instead 
of  being  articulated  with  it.  This  fact  gives  the  name  to  the 
subclass  Holocephali  {oXo^,  whole  or  solid;  Ke<t>a\t),  head). 
Other  characters  are  found  in  the  incomplete  character  of  the 
back-bone,  which  consists  of  a  scarcely  segmented  notochord 
differing  from  the  most  primitive  condition  imagined  only 
in  being  surrounded  by  calcareous  rings,  no  lime  entering  into 
the  composition  of  the  notochord  itself.  The  tail  is  diphycercal 
and  usually  prolonged  in  a  filament  (leptocercal).  The  shoulder- 
girdle,  as  in  the  sharks,  is  free  from  the  skull.  The  pectoral 
fins  are  short  and  broad,  without  segmented  axis  or  archiptery- 
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gium  and  without  recognizable  analogue  of  the  three  large 
cartilages  seen  in  the  sharks,  the  propterygium,  mesopterygium, 
and  metapterygium.  In  the  mouth,  instead  of  teeth,  are  de- 
veloped flat,  bony  plates  called  tritors  or  grinders,  set  endwise 
in  the  front  of  the  jaws.  The  gills  are  fringe-like,  free  at  the 
tips  as  in  ordinary  fishes,  and  there  is  a  single  external  opening 
for  them  all  as  in  true  fishes,  and  they  are  covered  with  a  flap 
of  skin.  These  structures  are,  however,  quite  different  from 
those  of  the  true  fishes  and  are  doubtless  independently  de- 
veloped. There  is  no  spiracle.  The  skin  is  smooth  or  rough. 
In  the  living  forms  and  most  of  the  extinct  species  there  is  a 
strong  spine  in  the  dorsal  fin.  The  ventral  fin  in  the  male  has 
complex,  usually  trifid,  claspers,  and  an  analogotis  organ,  the 
cephalic  holder,  is  developed  on  the  front  of  the  head,  in  the 
adult  male.  This  is  a  bony  hook  with  a  brush  of  glistening 
enameled  teeth  at  the  end.  The  eggs  are  large,  and  laid  in 
oblong  or  elliptical  egg-cases,  proxHded  with  silky  filaments. 
The  eggs  are  fertilized  after  they  are  extruded.  Mucous  chan- 
nels and  lateral  line  are  highly  developed,  being  most  complex 
about  the  head.  The  brain  is  essentially  shark-like,  the  optic 
ner\'es  form  a  chiasma,  and  the  central  hemispheres  are  large. 

The  teeth  of  the  Chimaeras  are  thus  described  by  Woodward, 
vol.  2,  pp.  36,  37: 

**In  all  the  known  families  of  Chimaeroids,  the  dentition 
consists  of  a  few  large  plates  of  vascular  dentine,  of  which 
certain  areas  (*  tritors')  are  specially  hardened  by  the  depo- 
sition of  calcareous  salts  within  and  arotmd  groups  of  medullary 
canals,  which  rise  at  right  angles  to  the  fimctional  surface.  In 
most  cases  there  is  a  single  pair  of  such  plates  in  the  lower  jaw, 
meeting  at  the  s\TTiphysis.  while  two  pairs  are  arranged  to 
oppose  these  above.  As  a  whole,  the  dentition  thus  closely 
resembles  that  of  the  t\-pical  Dipnoi  fas  has  often  been  pointed 
out);  and  the  ujxper  teeth  may  be  provisionally  named  pala- 
tine and  vomerine  tmtil  further  discoveries  shall  have  revealed 
their  precise  homologies.  The  structures  are  sometimes  de- 
scribed as  'jaws,'  and  regarded  as  dentaries,  maxillae,  and 
premaxillae,  biit  the  presence  of  a  permanent  pulp  imder  each 
tooth  is  conclusive  proof  of  their  bearing  no  relation  to  the 
familiar  membrane-bones  thus  named  in  higher  fishes." 
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Relationship  of  Chimaeras. — As  to  the  origin  of  the  Chimaeras 
and  their  relation  to  the  sharks,  Dr.  Dean  has  this  recent  (**The 
Devonian  Lamprey**)  and  interesting  word: 

**The    Holocephali   have    always   been    a    doubtful    group, 
anatomy  and  palaeontology  contributing  but  imperfect  evidence 
as  to  their  position  in  the  gnathostome  phylum.     Their  em- 
bryology, however,  is  still  undescribed,  except  in  a  brief  note 
by  T.  J.  Parker,  and  it  is  reasonably  looked  to  to  contribute 
evidence  as  to  their  line  of  descent.     The  problem  of  the  relation- 
ships of  the  Chimaeroids  has  long  been  of  especial  interest  to 
me,  and  it  has  led  me  to  obtain  embryonic  material  of  a  Pacific 
species  of  one  of  these  forms.     It  may  be  of  interest  in  this 
connection   to   state  that   the  embryology  of  this  form  gives 
the  clearest  evidence  that  the  wide  separation  of  the  Selachii 
and  Holocephali  is  not  tenable.     The  entire  plan  of  develop- 
ment in  Chinicora  colliei  is  clearly  like  that  of   a  shark.      The 
ovulation  is  closely  like  that  of  certain  of  the  rays  and  sharks: 
the  eggs  are  large,  the  segmentation  is  distinctly  shark-like; 
the  circular  blastoderm  overgrows  the  yolk  in  an  elasmobranchian 
manner.     The    early    embryos   are    shark-like;    and   the   later 
ones  have,  as  T.  J.  Parker  has  shown,  external  gills,  and  I  note 
further  that  these  arise,  precisely  as  in  shark-embryos,  from  the 
posterior  margin  of  the  gill-bar.     A   spiracle  also  is  present. 
A  further  and  most  interesting  developmental  feature  is  the 
fact  that  the  autostylism  in  Chimcora  is  purely  of    secondary 
nature  and  is  at  the  most  of  ordinal  value.      It  is  found  that 
in    a    larva    of    Chimccra    measuring  45    mm.   in    length,   the 
palato-quadrate  cartilage  is  still  separated  from  the  skull  by 
a  wide  fissure.     This  becomes    gradually  reduced  by  the  con- 
fluence  of   the   palato-quadrate    cartilage   with   the   skull,    the 
fusion  taking  place  at  both  the  anterior  and  posterior  ends  of 
the  mesal  rim  of  the  cartilage.    The  remains  of  the  fissure  are 
still  well  marked  in  the  young  Chimccra,  four  inches  in  length; 
and  a  rudiment  of  it  is  present  in  the  adult  skull  as  a  passage- 
way for  a  nerv^e.     Regarding  the  dentition:    it  may  also  be 
noted  in  the  present  connection  that  the  growth  of  the  dental 
plates   in    Chimcera   suggests   distinctly   elasmobranchian   con- 
ditions.    Thus  on  the  roof  of  the  mouth  the  palatine  plates 
are  early  represented  by  a  series  of  small  more  or  less  conical 
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elements  which  resemble  outwardly,  at   least,  the   'anlagen* 
of  the  pavement  teeth  in  cestraciont  sharls." 

Family  Chioueridc — The  existing  Chimsras  are  known  also 
as  spookfishes,  ratfishes,  and  etephant-fishes.  These  are  di\'ided 
by  Gannan  into  three  families,  and  in  the  principal  family,  the 
Chimtzride,  the  snout  is  blunt,  the  skin  without  plates,  and 
the  dorsal  fin  is  provided  with  a  long  spine.     The  flat  tritors 
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van-  in  the  different  genera.  The  single  genus  represented 
among  li\'ing  fishes  is  Ciiiii^ra,  found  in  cold  seas  and  in  the 
oceanic  depths.  The  best-known  species,  Chinurra  coUiet.  the 
elephant-fish,  or  chimarra  of  Califoroia.  abounds  in  shallow 
waters  of  ten  to  twenty  fathoms  from  Sitka  to  San  Piego. 
It  is  a  harmless  fish,  useless  except  for  the  cnl  in  its  hver.  and 
of  special  interest  to  anatomists  as  the  only  member  of  the 
family  to  be  found  when  desired  for  dissection.  This  species 
was  first  found  at  Montere\'  by  Mr.  CoI2ie,  naturalist  of  Captain 
Beecbey's  ship,  the  Blossom.  It  is  brown  in  color,  with  whitish 
spots,  and  reaches  a  Idgtb  of  3*  feet.  As  a  shallow-water 
form,  with  certain  di5erences  in  the  claspers  and  in  the  tail, 
Chinurra  coUici  is  sometimes  placed  in  a  distinct  genus.  Hydro- 
lagus.  Other  species  inhabit  much  greater  depths  and  have 
the  tail  produced  into  a  long  filantent.  Of  these.  Chimara 
moHsirosa,  the  sea-cat  of  the  north  Atlantic,  has  been  longer 
known  than  any  other  Clnmaera.  Chinurra  a^nis  has  been 
dredged  in  the  Gulf  Stream  and  06  PortugaL  Chinuzra  phan- 
lasma  and  Ckinuera  mitsMkurii  are  frequently  taken  in  Japan, 
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and  the  huge  jet-black  Chimcera  piirpurascens  in  Hawaii  and 
Japan.  None  of  these  species  are  valued  as  food,  but  all  impress 
the  spectator  with  their  curious  forms. 

The  fossil  Chimarida,  although  nimierous  from  Triassic 
times  and  referred  to  several  genera,  are  known  chiefly  by  their 
teeth  with  occasional  fin-spines,  frontal  holders,  or  impressions 
of  parts  of  the  skeleton.     The  earUest  of  chimjeroid  remains  has 


Fia.    158.— Elephant-fish,  CWnwro  coUiei  Lay  it  Bennett.     Monterey. 


been  described  by  Dr.  Charles  D.  Walcott  *  from  Ordovician 
or  Lower  Silurian  rocks  at  Canon  City,  Colorado.  Of  the  species 
called  Dictyorhabdus  prisciis,  only  parts  supposed  to  be  the 
sheath  of  the  notochord  have  been  preserved.  Dr.  Dean  thinks 
this  more  likely  to  be  part  of  the  axis  of  a  cephalopod  shell. 
The  definitely  known  Chtmccrida;  arc  mainly  confined  to  the 
rocks  of  the  Mesozoic  and  subsequent  eras.  Ischyodns  pnsais 
(avitiis)  of  the  iower  Jura  resembles  a  modem  chima^ra. 
Granodus  oweiii  is  another  extinct  chimtcra,  and  numerous 
fin-spines,  teeth,  and  other  fragments  in  the  Cretaceous  and 
Eocene  of  Americ;i  and  Europe  arc  referred  to  Edaphodon.  A 
species  of  Chwurra  has  been  recorded  from  the  Pliocene  of 
Tuscany,  and  one  of  Cal'orhyiichiis  from  the  greensand  of  New 
Zealand.  Other  American  Cretaceous  genera  of  chim;eroids  are 
Alylognathiis,  Bryactinus,  IsoUcnia,  Leptotnylns  and  Sphagepaa. 
Dental  plates  called  Rhynchodns  are  found  in  the  Devonian. 

Rhinochimieridie,— The  most  degenerate  ol  existing  chimeras 
belong  to  the  family  of  Rhinochim<rrid<r ,  characterized  by  the 
long  flat  soft  blade  in  which  the  snout  terminates.     This  struc- 

*  Bulletin   Geol.   Soc.   .America,   1892. 
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ture  resembles  that  seen  in  the  deep-sea  shark,  Mitsukurina^ 
and  in  Polyodon.  In  Rhiftochiffuera  pacifica  of  Japan  the  teeth 
in  each  jaw  form  but  a  single  plate.  In  Harriotta  raleighana, 
of  the  Gulf  Stream,  they  are  more  nearly  as  in  Chutusra,  Both 
are  bathybial  fishes,  soft  in  texture,  and  foimd  in  great  depths. 
The  family  of  Callorhyftchido',  or  Antarctic  Chimaeras,  includes 
the  bottle-nosed  Chimaera  {Callorhynchus  callorhyfichus)  of  the 
Patagonian  region.  In  this  species  the  snout  is  also  produced, 
a  portion  being  turned  backward  below  in  front  of  the  mouth, 
forming  a  sensory  pad  well  supplied  with  nerves. 

Ostracophorl. — In  natural  sequence  the  class  or  subclass  of 
Ostracophorcs  follows  the  sharks  and  Chimaeras. 

As  all  the  Ostracophori  are  now  extinct,  we  may  here  pass 
them  by  without  further  discussion,  referring  the  reader  to  the 
full  treatment  in  the  **  Guide  to  the  Study  of  Fishes."  These 
are  most  extraordinary  creatures,  jawless,  apparently  limb- 
less, and  enveloped  in  most  cases  anteriorly  in  a  coat  of  mail. 
In  typical  forms  the  head  is  very  broad,  bony,  and  horseshoe- 
shaped,  attached  to  a  slender  body,  often  scaly,  with  small 
fins  and  ending  in  a  heterocercal  tail.  WTiat  the  mouth  was 
like  can  only  be  guessed,  but  no  trace  of  jaws  has  yet  been 
found  in  connection  with  it.  The  most  remarkable  distinctive 
character  is  foimd  in  the  absence  of  jaws  and  limbs  in  connec- 
tion with  the  bony  armature.  The  latter  is,  however,  sometimes 
obsolete.  The  back-bone,  as  usual  in  primitive  fishes,  is  de- 
veloped as  a  persistent  notochord  imperfectly  segmented.  The 
entire  absence  of  jaw  structures,  as  well  as  the  character  of  the 
armature,  at  once  separates  them  widely  from  the  mailed  Arthro- 
dires  of  a  later  period.  But  it  is  by  no  means  certain  that 
these  structures  were  not  represented  by  soft  cartilage,  of  which 
no  traces  have  been  preserved  in  the  specimens  knowTi. 


CHAPTER  XVI 

THE  CROSSOPTERYGII 

LASS  Teleostomi. — We  may  unite  the  remaining  groups 
of  fishes  into  a  single  class,  for  which  the  name  Teleos- 
tomi  (reAeoa,  true;  aro^a,  mouth),  proposed  by  Bona- 
parte in  1838,  may  be  retained.  The  fishes  of  this  class  are 
characterized  by  the  presence  of  a  suspensoriimi  to  the  man- 
dible, by  the  existence  of  membrane-bones  (opercles,  sub- 
orbitals, etc.)  on  the  head,  by  a  single  gill-opening  leading  to 
gill-arches  bearing  filamentous  gills,  and  by  the  absence  of 
claspers  on  the  ventral  fins.  The  skeleton  is  at  least  partly 
ossified  in  all  the  Teleostomi,  More  important  as  a  primary 
character,  distinguishing  these  fishes  from  the  sharks,  is  the 
presence  typically  and  primitively  of  the  air-bladder.  This 
is  at  first  a  lung,  arising  as  a  diverticulum  from  the  ventral  side 
of  the  oesophagus,  but  in  later  forms  it  becomes  dorsal  and  is, 
by  degrees,  degraded  into  a  swim-bladder,  and  in  very  many 
forms  it  is  altogether  lost  with  age. 

This  group  comprises  the  vast  majority  of  recent  fishes, 
as  well  as  a  large  percentage  of  those  known  only  as  fossils. 
In  these  the  condition  of  the  lung  can  be  only  guessed. 

The  Teleostomi  are  doubtless  derived  from  sharks,  their 
relationship  being  possibly  nearest  to  the  Ichthyotomi  or  to  the 
primitive  Chimccras.  The  Dipnoans  among  Teleostomi  retain 
the  shark-like  condition  of  the  upper  jaw,  made  of  palatal 
elements,  which  may  be,  as  in  the  Chimccra,  fused  with  the  cra- 
nium. In  the  lower  forms  also  the  primitive  diphycercal  or 
protocercal  form  of  tail  is  retained,  as  also  the  archipterygium 
or  jointed  axis  of  the  paired  fins,  fringed  with  rays  on  one  or 
both  sides. 
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We  may  divide  the  Teleostomes,  or  true  fishes,  into  three 
subclasses:  the  Crossopterygii ^  or  fringe-fins;  the  Dipneusti,  or 
lung-fishes;  Actinopteri,  or  ray-fins,  including  the  Ganoidei  and 
the  Teleostei,  or  bony  fishes.  Of  these  many  recent  writers  are 
disposed  to  consider  the  Crossopterygii  as  most  primitive,  and 
to  derive  from  it  by  separate  lines  each  of  the  remaining  sub- 
classes, as  well  as  the  higher  vertebrates.  The  Ganoidei  and 
Teleostei  (constituting  the  Actinopteri)  are  very  closely  related, 
the  ancient  group  passing  by  almost  imperceptible  degrees  into 
the  modem  group  of  bony  fishes. 

Subclass  Crossopterygii.  —  The  earliest  Teleostomes  known 
belong  to  the  subclass  or  group  called  after  Huxley,  Crossop- 
terygii {Kpoaaos,  fringe;  nrepvB,,  fin).  A  prominent  character  of 
the  group  lies  in  the  retention  of  the  jointed  pectoral  fin  or  archip- 
terygium,  its  axis  fringed  by  a  series  of  soft  rays.  This  char- 
acter it  shares  with  the  Ichthyotomi  among  sharks,  and  with 
the  Dipneiisti.  From  the  latter  it  differs  in  the  hyostylic  cra- 
nium, the  lower  jaw  being  suspended  from  the  hyomandibular, 
and  by  the  presence  of  distinct  premaxillary  and  maxillary 
elements  in  the  upper  jaw.  In  these  characters  it  agrees  with 
the  ordinary  fishes.  In  the  living  Crossopterygians  the  air- 
bladder  is  limg-like,  attached  by  a  duct  to  the  ventral  side 
of  the  oesophagus.  The  l\ing-sac,  though  specialized  in  struc- 
ture, is  simple,  not  cellular  as  in  the  Dipnoans.  The  skeleton 
is  more  or  less  perfectly  ossified.  Outside  the  cartilaginous 
skull  is  a  bony  coat  of  mail.  The  skin  is  covered  with  firm 
scales  or  bony  plates,  the  tail  is  diphycercal,  straight,  and  end- 
ing in  a  point,  the  shoulder-girdle  attached  to  the  craniimi  is 
cartilaginous  but  overlaid  with  bony  plates,  and  the  branchios- 
tigals  are  represented  by  a  pair  of  gular  plates. 

In  the  single  family  represented  among  living  fishes  the 
heart  has  a  muscular  arterial  bulb  with  many  series  of  valves 
on  its  inner  edge,  and  the  large  air-bladder  is  divided  into  two 
lobes,  having  the  fimctions  of  a  lung,  though  not  cellular  as  in 
the  Iting-fishes. 

The  fossil  types  are  very  closely  allied  to  the  lung-fishes, 
and  the  two  groups  have  no  doubt  a  common  origin  in  Silurian 
times.  It  is  now  usually  considered  that  the  Crossopterygian 
is  more  primitive  than  the  lung-fish,  though  at  the  same  time 
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more  nearly  related  to  the  Ganoids,  and  through  them  to  the 
ordinary  fishes. 

Origin  of  Amphibians. — From  the  primitive  Crossopterygii 
the  step  to  the  ancestral  Amphibia,  which  are  likewise  mailed 
and  semi-aquatic,  seems  a  very  short  one.  It  is  true  that  most 
writers  until  recently  have  regarded  certain  Dipneustans  as 
the  Dipterid<B  as  representing  the  parents  of  the  Amphibians. 
But  the  weight  of  recent  authority.  Gill,  Pollard,  Boulenger, 
DoUo,  and  others,  seems  to  place  the  point  of  separation  of  the 
higher  vertebrates  with  the  Crossopterygians,  and  to  regard 
the  lobate  pectoral  member  of  Polypteriis  as  a  possible  source  of 
the  five-fingered  arm  of  the  frog.  This  view  is  still,  however,  ex- 
tremely hypothetical  and  there  is  still  much  to  be  said  in  favor 
of  the  theory  of  the  origin  of  Amphibia  from  Dipnoans  and  in 


Fig.  159,  — Shoulder-giriile  of  Polypterus  biehir.     SpotLinen  from  the  White  N'ile. 


favor  of  the  view  that  the  Dipnoans  are  also  ancestors  of  the 
Crossopterygians. 

In  the  true  Amphibians  the  lungs  are  better  developed 
than  in  the  Crossopterygian  or  Dipnoan,  although  the  lungs  are 
finally  lost  in  certain  salamanders  which  breathe  through  epithe- 
lial cells.  The  gills  lose,  among  the  Amphibia,  their  primitive 
importance,  although  in  Proteus  angiiineiis  of  Austria  and 
Necttiriis  macitlosus,  the  American  "mud-puppy"  or  water-dog, 
these  persist  through  life.  The  archipterygium,  or  primitive 
fin,  gives   place   to   the  chiropterygium,  or  fingered  arm.     In 
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this  the  basal  segment  of  the  archipterygitim  gives  place  to 
the  htimerus,  the  diverging  segments  seen  in  the  most  special- 
ized type  of  archipterygitim  {Polypterus)  become  perhaps  radius 
and  ulna,  the  intermediate  quadrate  mass  of  cartilage  possibly 
becoming  carpal  bones,  and  from  these  spring  the  joints  called 
metacarpals  and  phalanges.  In  the  Amphibians  and  all  higher 
forms  the  shoulder-girdle  retains  its  primitive  insertion  at  a 
distance  from  the  head,  and 
the  posterior  limbs  remain 
abdominal. 

The  Amphibians  are  there- 
fore primarily  fishes  with 
fingers  and  toes  instead  of 
the  fringe-fins  of  their  an- 
cestors. Their  relations  are 
really  with  the  fishes,  as 
indicated  by  Huxley,  who 
imites    the    amphibians    and 

fishes    in    a    primary  group,  Fio.iw.-Armof  a^. 

Ichihyopsida,     while     reptiles 

and  birds  form  the  contrasting  group  of  Sauropsida. 

The  reptiles  differ  from  the  Amphibians  through  accelera- 
tion of  development,  passing  through  the  gill-bearing  stages 
within  the  ^g.  The  birds  bear  feathers  instead  of  scales, 
and  the  mammals  nourish  their  yoimg  by  means  of  glandular 
secretions.  Through  a  reptile-amphibian  ancestry  the  birds 
and  mammals  may  trace  back  their  descent  from  palaeozoic 
Crossopterygians.  In  the  very  yoimg  embryo  of  all  higher 
vertebrates  traces  of  double-breathing  persist  in  all  species, 
in  the  form  of  rudimentary  gill-slits. 

The  Fins  of  Crossopterygians. — DoUo  and  Boulenger  regard 
the  heterocercal  tail  as  a  primitive  form,  the  diphycercal  form 
being  a  result  of  degradation,  connected  with  its  less  extensive 
use  as  an  organ  of  propulsion.  Most  writers  who  adopt  the 
theory  of  G^enbaur  that  the  archipterygium  is  the  primitive 
form  of  the  pectoral  fin  are  likely,  however,  to  consider  the 
diphycercal  tail  foimd  associated  with  it  in  the  Ichthyotomi, 
Dipneusti,  Crossopterygii  as  the  more  primitive  form  of  the  tail. 
From  this  form  the  heterocercal  tail  of  the  higher  sharks  and 
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Ganoids  may  be  derived,  this  giving  way  in  the  process  of  de- 
velopment to  the  imperfectly  homocercal  tail  of  the  salmon, 
the  homocercal  tail  of  the  perch,  and  the  isocercal  tail  of  the 
codfish  and  its  allies,  the  gephyroceTx:al  and  the  leptocercal  tail, 
tapering  or  whip-like,  representing  various  stages  of  d^enera- 
tion.    Boulenger  draws  a  distinction  between  the  protoceical' 
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tail,  the  one  primitively  straight,  and  the  diphycercal  tail 
modified,  like  the  homocercal  tai],  from  an  heterocercal  ancestry. 

Orders  of  Crossopteryguns. — Cope  and  Woodward  divide  the 
Crossoptcrygia  into  foxir  orders  or  suborders,  Haplistia,  Rhipi' 
distia,  ActittisUa,  and  Cladistia.  To  the  latter  belong  the  exist- 
ing species,  or  the  family  of  Polypienda,  alone.  Boulenger  unites 
the  three  extinct  orders  into  one,  which  he  calls  Osteolepida. 
In  all  three  of  these  the  pectorals  are  narrow  with  a  ^n^  basal 
bone,  and  the  nostrils,  as  in  the  Dipneustans,  are  below  the 
snout.  The  differences  are  apparently  such  as  to  justify  Cope's 
dt\-ision  into  three  orders- 

HiqriistuL — In  the  Haplistia  the  notochord  is  persistent,  and. 
the  basal  bones  of  dorsal  and  anal  fins  are  in  regular  series, 
much  fewer  in  number  than  the  fin-rays.  The  single  family 
TarrassiiJiT  is  represented  by  Tarrasiiis  problematiciis,  found 
by  Traquair  in  Scotland,  This  is  regarded  as  the  lowest  of  the 
Crv«sopter>-gians,  a  small  fish  of  the  Lower  Carboniferous,  the 
head  mailed,  the  body  with  small  bony  scales. 

Rhipidistia. — In  the  RiiipiJistia  the  basal  bones  of  the  median 
fins  ("axonosts  and  baseosts")  are  found  in  a  single  piece,  not 
separate  as  in  the  Haflistia.  Four  famihes  are  recognized. 
Hi^cptydtiid<£.  MegnlichthyiJa;  Osieolepidtr,  and  Onychodontid^, 
the  first  of  these  being  considered  as  the  nearest  approach  of 
the  Crossopterygians  to  the  Dipnoans. 
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The  Hi^ptychiidtz  have  the  pectoral  fins  acute,  the  scales 
cycloid,  enameled,  and  the  teeth  ver>'  complex,  Hohptychius 
nobilissintus  is  a  verj-  lar^e  fish  from  the  Devonian,  GlyptoUpis 
leptoptents  from  the  Lower  De\-onian  is  also  a  notable  species. 
Dendrodus  from  the  Devonian  is  known  from  detached  teeth. 

In  the  Ordovician  rocks  of  Canon  City,  Colorado,  Dr.  Wal- 
cott  finds  numerous  bony  scales  with  folded  surfaces  and  stellate 
ornamentation,  and  which  he  refers  mth  some  doubt  to  a 
Crossoptery^ian  fish  of  the  family  Holoplychiida.    This  fish  be 


names  Eriptychius  americantis.  If  this  identification  prox-es  cor- 
rect, it  will  carT>'  back  the  appearance  of  Crossopterygian  fishes, 
the  earliest  of  the  Teleostome  forms,  to  the  beginning  of  the 
Silurian,  these  Cailon  City  shales  being  the  oldest  rocks  in  which 
remains  of  fishes  are  known  to  occur.  In  the  same  rocks  are 
found  plates  of  Ostracophores  and  other  fragments  still 
more  doubtful.  It  is  certain  that  our  records  in  palaeontology 
fall  far  short  of  disclosing  the  earliest  sharks,  as  well  as 
the  earhest  remains  of  Ostracophores.  Arthrodires,  or  even 
Ganoids- 

Hegalichth^dc — The  Megalichtityidtr  (wrongly  called  "  Rhiso- 
dontidtr ")  have  the  pectoral  fins  obtuse,  the  teeth  relatively 
simple,  and  the  scales  cycloid,  enameled.  There  are  numer- 
ous species  in  the  Carboniferous  rocks,  largely  known  from 
fragments  or  from  teeth.  Megalichthys,  StrcpsoJus.  Rhizo- 
dopsis.  Gyroptychius.  Trtsiiciicptents.  Eustiienopteron,  Cricodtts, 
and  SauripUTUS  are  the  genera;  Rhi:u>dopsis  sanroiJiS  from 
the  coal-measures  of  England  being  the  best-kno«Ti  species. 

The  Osteolepidtt  diflfer  from  the  MegalichUtyiJ/r  mainly  in 
the  presence  of  enameled  rhomboid  scales,  as  in  Pclypterus  and 
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Lepisosieus.  In  Clyptopomus  these  scales  are  sculptured,  in 
the  others  smooth.  In  Osteolepis,  Thiirsius,  Diploptcrits,  and 
Clyptopomus  a  pineal  foramen  is  present  on  the  top  of  the  head. 
Tliis  is  wanting  in  Parabalrachus  {Megalichthys  of  authors). 
In  Osteolepis,  Thiirsius,  and  Parabatrachus  the  tail  is  heterocercal, 


while  in  Diplopterus  and  Clyptopomus  it  is  diphycercal.  Osteo- 
lepis macTolepidotus  and  numerous  other  species  occur  in  the 
Lower  Devonian.  Diplopterus  agassisH  is  common  in  the  same 
horizon.  Megalichthys  hibberti  is  found  in  the  coal-measures, 
and  Clyptopomus  minimus  in  the  Upper  Devonian.  Palwosteus 
is  another  genus  recently  described. 

The  OnychodontidtE  are  known  from  a  few  fragments  of 
Onychodiis  sigmoides  from  the  Lower  Devonian  of  Oliio  and 
Onyckodus  anglicus  from  England. 

Order  Actinistia. — In  the  Actinistia  there  is  a  single  fin-ray 
to  each  basal  bone,  the  axonosts  of  each  ray  fused  in  a  single 
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piece.  The  notochord  is  persistent,  causing  the  back-bone 
in  fossils  to  appear  hollow,  the  cartilaginous  material  leaving 
no  trace  in  the  rocks.  The  genera  and  species  are  numerous, 
ranging  from  the  Subcarboniferous  to  the  Upper  Cretaceous, 
many  of  them  belonging  to  Cwlacanthus,  the  chief  genus  of  the 
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single  family  CcelacanthidtB.  In  Ccelacantkus  the  fin-rays  are 
without  denticles.  Calacanlhus  granulatus  is  found  in  the 
European  Permian.  Ccelacantkus  elegans  of  the  coal-measures 
is  found  in  America  also.  In  Undina  the  anterior  fin-rays  are 
mcirked  with  tubercles.  Undina  penicillata  and  Undina  gulo 
from  the  Triassic  are  well-preserved  species.  In  Macropoma 
{lewesiensis}  the  fin-rays  are  robust,  long,  and  little  articulated. 


Fie.  105.— CiMlfiMftaaBgenon;  LlM.  Fvaaj  CatacmttUdm.  (After  Toodwwd.) 


Other  genera  are  Hepianema,  Coccoderma,  Libys,  Diplurus, 
and  Graphiurus.  Diplurus  longicaudatus  was  found  by  New- 
berry in  the  Triassic  of  New  Jersey  and  Connecticut. 

Order  plaiUstia. — In  the  Cladistia  the  axis  of  the  pectoral 
limb  is  fan-shaped,  made  of  two  diversified  bones  joined  by 
cartilage.  The  notochord  is  restricted  and  replaced  by  ossi- 
fied vertebne.  The  axonosts  of  the  dorsal  and  anal  are  in 
r^ular  series,  each  bearing  a  fin-ray.  The  order  contains  the 
single  family  Polypterida.  In  this  group  the  pectoral  fin  is 
formed  differently  from  that  of  the  other  Crossopterygians, 
being  broad,  its  base  of  two  diverging  bones  with  cartilage 
between.  This  structure,  more  specialized  than  in  any  other 
of  the  Crossopterygians  or  Dipneusti,  has  been  regarded  by 
Gill  and  others,  as  above  stated,  as  the  origin  of  the  fingered 
hand  (chiropterygium)  of  the  fro^  and  higher  vertebrates. 
The  base  of  the  diverging  bones  has  been  identified  as  the  ante- 
cedent of  the  humerus,  the  bones  themselves  as  radius  and 
ulna,  while  the  inter\'ening  non-ossified  cartilage  breaks  up 
into  carpal  bones,  from  which  metacarpals  and  digits  ulti- 
mately diverge.     This  h>-pothesis  is  open  to  considerable  doubt. 
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The  nostrils,  as  in  true  fishes,  are  superior.  The  body  in  these 
fishes  is  covered  with  rhombic  enameled  scales,  as  in  the  gar- 
pike;  the  head  is  similarly  mailed,  but,  in  distinction  from  the 
garpike,  the  anterior  rays  of  the  dorsal  are  developed  as  iso- 
lated spines. 

The  young  have  a  bushy  external  gill  with  a  broad  scaly 
base.  The  air-bladder  is  double,  not  cellular,  with  a  large 
air-duct  joining  the  ventral  surface  of  the  oesophagus.  The 
intestine  has  a  spiral  valve. 

The  cranium,  according  to  Boulenger  ("  Poissons  du  Bassin 
du  Congo,"  p.  11),  is  remarkable  for  its  generalized  form,  this  char- 
acter forming  a  trait  of  union  between  the  Ganoids  and  the  primi- 
tive Amphibia  or  Stegocephati.  Without  considering  Polyptertts, 
it  is  not  possible  to  interpret  the  homologies  of  the  cranium 
of  the  amphibians  and  the  sharks. 

The  jaws  are  similar  to  those  of  the  vertebrates  higher  than 
fishes.  Tooth-bearing  premaxillaries  and  dentaries  are  solidly 
joined  at  the  front  of  the  cranium,  and  united  by  a  suture  to 
the  toothed  maxillaries  which  form  most  of  the  edge  of  the 
mouth.  Each  half  of  the  lower  jaw  consists  of  four  elements, 
covering  Meckel's  cartilage,  which  is  ossified  at  the  symphysis. 
These  are  the  articular,  angular,  dentary,  and  splenial  (coro- 
noid).  Most  of  these  bones  are  armed  with  teeth.  The 
palato-suspensory  consists  of  hyomandibular,  quadrate,  ecto- 
pterygoid,  entopterygnid,  metapterygoid,  and 
palatine  elements,  the  pterygoid  elements  bearing 
teeth.  In  Erpetoichihys  only  the  opercle  is  dis- 
tinct among  the  gill-covers.  In  Polyptcrns  there 
is  a  subopercle  also ;  the  suborbital  chain  is 
represented  by  two  small  bones. 

The  gill-arches  are  four,  but  without  lower 
pharyngeals.  The  teeth  are  conic  and  pointed, 
and  in  structure,  according  to  Agassiz,  they 
jaw  of  Po(y;)(e- differ  largely  from  those  of  bony  fishes,  ap- 
bdow'**''''  ^'''"" preaching  the  teeth  of  reptiics. 

The  external  gill  of  the  young,  first  discovered 
by  Steindachner  in  1869,  consists  of  a  fleshy  axis  bordered  above 
and  below  by  secondary  branches,  themselves  fringed.  In  form 
and  structure  this  resembles  the  external  gills  of  amphibians. 
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It  is  inserted,  not  on  the  gill-arches,  but  on  the  hyoid  arch. 
Its  origin  is  from  the  external  skin.  It  can  therefore  not  be 
compared  morphologically  with  the  gills  of  other  fishes,  nor 
with  the  pseudobranchi^B,  but  rather  with  the  external  g^Us 
of  larval  sharks.     The  vertebrje  are  very  numerous  and  bi- 
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concave  as  in  ordinary  fishes.  Each  of  the  peculiar  dorsal 
spines  is  primitively  a  single  spine,  not  a  finlet  of  several  pieces, 
as  some  have  suggested.  The  enameled,  rhomboid  scales  are 
in  movable  oblique  whorls,  each  scale  interlocked  with  its 
neighbors. 

The  shoulder-girdle,  suspended  from  the  cranium  by  post- 
temporal  and  supraclavicle,  is  covered  by  bony  plates.  To  the 
small  h\-percoracoid  and  hypocoracoid  the  pectoral  fin  is  at- 
tached. Its  basal  bones  may  be  compared  to  those  of  the 
sharks,  mesopterygium,  proptery^um,  and  metapterygium, 
which  may  with  less  certainty  be  again  called  humerus,  radius. 
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and  ulna.  These  are  covered  by  flesh  and  by  small  imbricated 
scales.  The  air-bladder  resembles  the  Itmgs  of  terrestrial 
vertebrates.  It  consists  of  two  cylindrical  sacs,  that  on  the 
right  the  longer,  then  uniting  in  front  to  form  a  short  tube, 
which  enters  the  oesophagus  from  below  i^-ith  a  slit-like  glottis. 
Unlike  the  lung  of  the  Dipneusti,  this  air-bladder  is  not  cellu- 
lar, and  it  receives  only  arterial  blood.  Its  function  is  to  assist 
the  respiration  by  gills  without  replacing  it. 
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The  Polypterids. — ^AU  the  Polypteridce  are  natives  of  Africa. 
Two  genera  are  known,  no  species  having  been  found  fossil. 
Of  Polypterus,  Boulenger,  the  latest  authority,  recognizes  nine 
species:  six  in  the  Congo,  Polypterus  congicus,  P,  delhezi,  P. 
ornatipinnis,  P,  weeksi,  P,  palntas,  and  P.  retropinnis ;  one,  P. 
lapradei,  in  the  Niger ;  and  two  in  the  Nile,  Polypterus  bichir  and 
P.  endlicheri.  Of  these  the  only  one  known  until  very  recently 
was  Polypterus  bichir  of  the  Nile. 

These  fishes  in  many  respects  resemble  the  garpike  in 
habits.  They  live  close  on  the  mud  in  the  bottom  of  sluggish 
waters,  moving  the  pectorals  fan-fashion.  If  the  water  is 
foul,  they  rise  to  the  surface  to  gulp  air,  a  part  of  which  escapes 
through  the  gill-openings,  after  which  they  descend  like  a  flash. 
In  the  breeding  season  these  fishes  are  very  active,  depositing 
their  eggs  in  districts  flooded  in  the  spring.  The  eggs  are  very 
numerous,  grass-green,  and  of  the  size  of  eggs  of  millet.  The 
flesh  is  excellent  as  food. 

The  genus  Erpetoichthys  contains  a  single  species,  Erpetoich- 
thys  calabaricus*  foimd  also  in  the  Senegal  and  Congo.     This 
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species  is  very  slender,  almost  eel-like,  extremely  agile,  and,  as 
usual  in  wriggling  or  undulating  fishes,  it  has  lost  its  ventral 
fin.  It  lives  in  shallow  waters  among  interlaced  roots  of  palms. 
When  disturbed  it  swims  like  a  snake. 

*  This  genus  was  first  called  Erpetoichthys,  but  the  name  was  afterwards 
changed  by  its  author,  J.  A.  Smith,  to  Calamoichthys,  because  there  is  an 
earlier  genus  Erpichthys  among  blennics,  and  a  H erpetoichthys  among  eels. 
But  these  two  names,  both  wrongly  spelled  for  Herpetichthys,  are  sufficiently 
different,  and  the  earlier  name  should  be  retained.  "A  name  in  science  is  a 
name  without  necessar>"  meaning"  and  without  necessarily  correct  spelling. 
Furthermore,  if  names  are  spelled  differently,  they  are  different,  whatever 
their  meaning.  The  efforts  of  ornithologists,  notably  those  of  Dr.  Coues, 
to  spell  correctly  improperly  formed  generic  names  have  shown  that  to  do 
so  consistently  would  throw  nomenclature  into  utter  confusion.  It  is  well 
that  generic  names  of  classic  origin  should  be  correctly  formed.  It  is  vastly 
more  important  that  they  should  be  stable.  Stability  is  the  sole  function 
of  the  law  of  priority. 


CHAPTER  X\1I 

SUBCLASS  DIPNEUSTI,*  OR   LUNG-FISHES 

L  —  The  group  (A  Dipneusd,  or  lung- 
1  fishes,  is  characterized  by  the  presence  of  paired  fins 
j  consistii^  of  a  jointed  axis  with  or  without  rays. 
The  skull  is  autost\-Iic.  the  upper  jaw  being  made  as  in  the 
Chimera  of  patat^^l  elements  joined  to  the  quadrate  and  fused 
with  the  cranium,  without  premajdDan'  or  maxillar>'.  The 
dentar>-  bones  are  little  developed.  The  air-bladder  is  cellular, 
used  as  a  lung  in  all  the  h^-iI^  species,  its  duct  attached  to  the 
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ventral  side  of  the  oesophagus.  The  heart  has  many  valves  in 
the  muscular  arterial  bulb.  The  intestine  has  a  spnal  valve. 
The  teeth  are  usually  of  large  plates  of  dentine  covered  with 
enamel,  and  are  present  on  the  pter>-go-palatine  and  splenial 
bones.  The  nostrils  are  concealed,  when  the  mouth  is  closed, 
imder  a  fold  of  the  upper  lip.  The  scales  are  cycloid,  mostly 
not  enameled. 

The  lung-fishes,  or  Dspmusit  (6i*,  two;  trreir,  to  breathe), 
arise,  with  the  Crossopter>-gians.  from  the  vast  darkness  of 

•  This  gnrap  bas  been  nsoally  Icn^rrn  as  DipnM.i  aasac  tiiceea  by  Johamies 
U-jHer  is  1645.  BtH  the  latter  term  was  first  taken  by  Lenckart  in  1811  as 
a  nasoe  fw  .\inpfanxan>  befTTC  any  c-f  the  hving  Dipnram  were  kncnrn  We 
therefore  follow  BouJengrr  ;-  the  us«  of  the  na^se  Dif^uit^i.  sTif^Tsted  by 
Hzclcel  io  1S66.  The  name  Dipnoan  Quy.  bowevn'.  be  retaiaed  as  a  ver- 
r.anHaT  eqtnTaknt  ot  Dipntusti. 
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Palaeozoic  time,  their  origin  with  that  or  through  that  of  the 
latter  to  be  traced  to  the  Ichthyotomi  or  other  primitive  sharks. 
These  two  groups  are  separated  from  all  the  more  priimitive 
fish-like  vertebrates  by  the  presence  of  Ixmgs.  In  its  origin 
the  lung  or  air-bladder  arises  as  a  diverticuliun  from  the  ali- 
mentary canal,  used  by  the  earliest  fishes  as  a  breathing-sac, 
the  respiratory  fimctions  lost  in  the  progress  of  ftuther  di- 
vergence. Nothing  of  the  nature  of  limg  or  air-bladder  is 
fotmd  in  lancelet,  lamprey,  or  shark.  In  none  of  the  remaining 
groups  of  fishes  is  it  wholly  wanting  at  all  stages  of  develop- 
ment, although  often  lost  in  the  adult.  Among  fishes  it  is  most 
completely  fimctional  in  the  Dipneusti,  and  it  passes  through 
all  stages  of  degeneration  and  atrophy  in  the  more  specialized 
bony  fishes. 

In  the  Dipneusti,  or  Dipnoans,  as  in  the  Crossopterygians 
and  the  higher  vertebrates,  the  trachea,  or  air-duct,  arises,  as 
above  stated,  from  the  ventral  side  of  the  oesophagus.  In  the 
more  specialized  fishes,  yet  to  be  considered,  it  is  transferred 
to  the  dorsal  side,  thus  avoiding  a  turn  in  passing  aroxmd  the 
oesophagus  itself.  From  the  sharks  these  forms  are  further 
distinguished  by  the  presence  of  membrane-bones  about  the 
head.  From  the  Actinopteri  (Ganoids  and  Teleosts)  Dipnoans 
and  Crossopterygians  are  again  distinguished  by  the  presence 
of  the  fringe-fin,  or  archipterygium,  as  the  form  of  the  paired 
limbs.  From  the  Crossopter^^gians  the  Dipnoans  are  most 
readily  distinguished  by  the  absence  of  maxillary  and  pre- 
maxillary,  the  characteristic  structures  of  the  jaw  of  the  true 
fish.  The  upper  jaw  in  the  Dipnoan  is  formed  of  palatal  ele- 
ments attached  directly  to  the  skull,  and  the  lower  jaw  con- 
tains no  true  dentary  bones.  The  skull  in  the  Dipnoans,  as 
in  the  Chimcrra,  is  autostylic,  the  mandible  articulating  directly 
with  the  palate  1  apparatus,  the  front  of  which  forms  the  upper 
jaw  and  of  which  the  pterygoid,  hyomandibular  and  quadrate 
elements  form  an  immovable  part.  The  shoulder-girdle,  as 
in  the  shark,  is  a  single  cartilage,  but  it  supports  a  pair  of  super- 
ficial membrane-bones. 

In  all  the  Dipnoans  the  trunk  is  covered  with  imbricated 
cycloid  scales  and  no  bony  plates,  although  sometimes  the 
scales  are  firm  and  enameled.     The  head  has  a  roof  of  well- 
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developed  bony  plates  made  of  ossified  skin  and  not  corre- 
sponding with  the  membrane-bones  of  higher  fishes.  The  fish- 
like membrane-bones,  opercles,  branchiostegals,  etc.,  are  not 
yet  differentiated.  The  teeth  have  the  form  of  grinding-plates 
on  the  pterygoid  areas  of  the  palate,  being  distinctly  shark-like 
in  structure.  The  paired  fins  are  developed  as  archipterygia, 
often  without  rays,  and  the  pelvic  arch  consists  of  a  single 
cartilage,  the  two  sides  symmetrical  and  connected  in  front. 
There  is  but  one  external  gill-opening  leading  to  the  gill-arches, 
which,  as  in  ordinary  fishes,  are  fringe-like,  attached  at  one 
end.  In  the  young,  as  with  the  embryo  shark,  there  is  a  bushy 
external  gill,  which  looks  not  unlike  the  archipterygium  pec- 
toral fin  itself,  although  its  rays  are  of  different  texture.  In 
early  forms,  as  in  the  Ganoids,  the  scales  were  bony  and  enam- 
eled, but  in  some  recent  forms  deep  sunken  in  the  skin.  The 
claspers  have  disappeared,  the  nostrils,  as  in  the  frog,  open 
into  the  pharynx,  the  heart  is  three-chambered,  the  arterial 
bulb  with  many  valves,  and  the  cellular  structure  of  the  skin 
and  of  other  tissues  is  essentially  as  in  the  Amphibian. 

The  developed  limg,  fitted  for  breathing  air,  which  seems 
the  most  important  of  all  these  characters,  can,  of  course,  be 
traced  only  in  the  recent  forms,  although  its  existence  in  all 
others  can  be  safely  predicated.  Besides  the  development 
of  the  lung  we  may  notice  the  gradual  forward  movement 
of  the  shoulder-girdle,  which  in  most  of  the  Teleostomous 
fishes  is  attached  to  the  head.  In  bony  fishes  generally 
there  is  no  distinct  neck,  as  the  post-temporal,  the  highest 
bone  of  the  shoulder-girdle,  is  articulated  directly  with  the 
skull.  In  some  specialized  forms  (Balistes,  Tetraodon)  it  is 
even  immovably  fused  with  it.  In  a  few  groups  (Apodes, 
Opisthomi,  Heieromi,  etc.)  this  connection  ancestrally  possessed 
is  lost  through  atrophy  and  the  slipping  backward  of  the 
shoulder-girdle  leaves  again  a  distinct  neck.  In  the  Amphib- 
ians and  all  higher  vertebrates  the  shoulder-girdle  is  dis- 
tinct from  the  skull,  and  the  possession  of  a  flexible  neck  is 
an  important  feature  of  their  structure.  In  all  these  higher 
forms  the  posterior  limbs  remain  abdominal,  as  in  the  sharks 
and  the  primitive  and  soft-rayed  fishes  generally.  In  these 
the  pelvis  or  pelvic  elements  are  attached  toward  the  middle 
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of  the  body,  giving  a  distinct  back  as  well  as  neck.  In  the 
spiny-rayed  fishes  the  **back*'  as  well  as  the  neck  disappears, 
the  pelvic  elements  being  attached  to  the  shoulder-girdle,  and 
in  a  few  extreme  forms  (as  Ophidion)  the  pelvis  is  fastened  at 
the  chin. 

Classification  of  Dipnoans. — ^By  Woodward  the  Dipneusti  are 
divided  into  two  classes,  the  Sirenoidei  and  the  Arthrodira. 
We  follow  Dean  in  regarding  the  latter  as  representative  of  a 
distinct  class,  leaving  .the  Sirenoidei,  with  the  Cienodipterini, 
to  constitute  the  subclass  of  Dipneusti.  The  Sirenoidei  are 
divided  by  Gill  into  two  orders,  the  Monopneumona,  with  one 
limg,  and  the  Diplopneumona,  with  the  lung  divided.  To  the 
latter  order  the  Lepidosirenidce  belong.  To  the  former  the 
CeratodontidcB,  and  presumably  the  extinct  families  also  belong, 
although  nothing  is  known  of  their  lung  structures.  Zittel 
and  Hay  adopt  the  names  of  Ctenodipterini  and  Sirenoidei  for 
these  orders,  the  former  being  further  characterized  by  the  very 
fine  fin-rays,  more  numerous  than  their  supports. 

Order  Ctenodipterini.  —  In  this  order  the  cranial  roof-bones 
are  small  and  ntmierous,  and  the  rays  of  the  median  fins  are 

« 

very  slender,  much  more  numerous .  than  their  supports,  which 
are  inserted  directly  on  the  vertebral  arches. 

In  the  Uronemidce  the  upper  dentition  comprises  a  cluster 
of  small,  blunt,  conical  denticles  on  the  palatine  bones;  the 
lower  dentition  consists  of  similar  denticles  on  the  splenial 
bone.  The  vertical  fins  are  continuous  and  the  tail  diphycercal. 
There  is  a  jugular  plate,  as  in  Ami  a.  The  few  species  are  foxmd 
in  the  Carboniferous,  Uronemus  lohatus  being  the  best-known 
species. 

In  Dipteridce  there  is  a  pair  of  dental  plates  on  the  palatines, 
and  an  opposing  pair  on  the  splenials  below.  Jugular  plates 
are  present,  and  the  tail  is  usually  distinctly  heterocercal. 

In  Phaneropleuron  there  is  a  distinct  anal  fin  shorter  than 
the  very  long  dorsal;  Phaneropleuron  andersoni  is  known  from 
Scotland,  and  Scaumenacia  ciirta  is  found  at  Scaimienac  Bay 
in  the  Upper  Devonian  of  Canada. 

In  Dipteriis  there  are  no  marginal  teeth,  and  the  tail  is 
heterocercal,  not  diphycercal,  as  in  the  other  Dipnoans  gener- 
ally.    Ntmierous  species  of  Dipteriis  occur  in  Devonian  rocks. 
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In  these  the  jugular  plate  is  present,  as  in  Uronemus.  Diptems 
valettciennesi  is  the  best-known  European  species.  Dipterus 
nelsoni  and  numerous  other  species  are  found  in  the  Chemung 
and  other  groups  of  Devonian  rocks  in  America. 

In  the  Ctenodontid<B  the  tail  is  diphycercal,  and  no  jugular 
plates  are  present  in  the  known  specimens.  In  Clenodus  and 
Sagenodus  there  is  no  jugular  plate  and  there  are  no  marginal 
teeth.     The  numerous  species  of  Ctenodus  and  Sagenodus  belong 


Fie.  m.—Phaneroplmirw^  andertcmi  Huxley;  restored;  DeTonlftn.  (After  Demn.) 
chiefly  to  the  Carboniferous  age.  Ctenodus  wagneri  is  found  in 
the  Cleveland  shale  of  the  Ohio  Devonian.  Sagenodus  occiden- 
lalis,  one  of  the  many  American  species,  belongs  to  the  coal- 
measures  of  Illinois. 

As  regards  the  succession  of  the  Dipneusti,  Dr.  DoUo  re- 
gards Dipterus  as  the  most  primitive,  Scaumenacia,  Uronemus, 
Ctenodus,  Ceratodus,  Protopterus,  and  Lepidosiren  following 
in  onier.  The  last-named  genus  he  thinks  marks  the  terminus 
of  the  group,  neither  Ganoids  nor  Amphibians  being  derived 
from  any  Dipnoans. 

Order  Sirenoidei.  —  The  living  families  of  Dipneusti  differ 
from  these  extinct  types  in  having  the  cranial  roof-bones  re- 
duced in  number.  There  are  no  jugular  plates  and  no  marginal 
teeth  in  the  jaws.  The  tail  is  diphycercal  in  all,  ending  in  a 
long  point,  and  the  body  is  covered  with  cycloid  scales.  To 
these  forms  the  name  Sirenoidei  was  applied  by  Johannes 
MuUer. 

Family  Ceratodontida.  —  The  Ceralodontida  have  the  teeth 
above  and  below  developed  as  triangular  plates,  set  obliquely 
each  with  several  cusps  on  the  outer  margin.  Nearly  all  the 
species,  representing  the  genera  Ceratodus,  Gosfordia,  and  Con- 
chopoma,  are  now  extinct,  the  single  genus  Neoceratodus  still 
existing  in  Australian  rivers.  Numerous  fragments  of  Cera- 
todus are  found  in  Mesozoic  rocks  in  Europe,  Colorado,  and 
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India,  Ceralodus  latissimus.  figiired 
by  Agassiz  in  1838.  being  the  best- 
known  species. 

The  abundance  of  the  fossil  teeth 
erf  Ceralodus  renders  the  discovery  of 
a  living  representative  of  the  same 
type  a  matter  of  great  interest. 

In  1870  the  Barramunda  of  the 
rivers  of  Queensland  was  described 


by  Krefft.  who  recognized  its   rela- 
tionship to  Ceralodus  and  gave  it  the  I 
name  of  Ceralodus  jorsleri.     Later, 
generic  diiterences  were  noticed,  and   | 
it  tt-as  separated  as  a  distinct  group 
by  Castelnau  in  1876,  under  the  name 
of  Neoceratodtis  (later  called  Epicera- 
todus  by  Teller).    Neocergtodtis  forsleri   ! 
and  a  second  spec\e&,N<'oceratodus  mio~ 
lepis,  have  been  since  very  fully  dis- 
cussed by  Dr.  Gunther  and  Dr.  KreUt. 
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They  are  known  in  Queensland  as  Barramunda.  They  inhabit  the 
rivers  known  as  Burnett,  Dawson,  and  Mary,  reaching  a  length 
of  six  feet,  and  being  locally  much  valued  as  food.  From  the 
salmon-colored  flesh,  they  are  known  to  the  settlers  in  Queens- 
land as  "salmon."  According  to  Dr.  Gunther.  "the  Barra- 
munda is  said  to  be  in  the  habit  of  going  on  land,  or  at  least 
on  mud -flats;  and  this  assertion  appears  to  be  borne  out  by 
the  fact  that  it  is  provided  with  a  lung.  However,  it  is  much 
more  probable  that  it  rises  now  and  then  to  the  surface  of  the 
water  in  order  to  fill  its  lung  with  air,  and  then  descends  again 
until  the  air  is  so  much  deoxygenized  as  to  render  a  renewal 
of  it  necessary.  It  is  also  said  to  make  a  grunting  noise  which 
may  be  heard  at  night  for  some  distance.  This  noise  is  proba- 
bly produced  by  the  passage  of  the  air  through  the  oesophagus 
when  it  is  expelled  for  the  purpose  of  renewal.  As  the  Barra- 
munda has  perfectly  developed  gills  besides  the  lung,  we  can 
hardly  doubt  that,  when  it  is  in  water  of  normal  composition 
and  sufficiently  pure  to  yield  the  necessary  supply  of  oxygen, 
these  organs  are  sufficient  for  the  purpose  of  breathing,  and 
that  the  respiratory  function  rests  with  them  alone.  But 
when  the  fish  is  compelled  to  sojourn  in  thick  muddy  water 
charged  \\'ith  gases,  which  are  the 
products  of  decomposing  organic 
matter  (and  this  must  be  the  case 
very  frequently  during  the  droughts 
which  annually  exhaust  the  creeks 
of  tropical  Australia),  it  commences 
to  breathe  air  with  its  lung  in  the 
way  indicated  above.  If  the  medium 
in  which  it  happens  to  be  is  perfectly 
unfit  for  breathing,  the  gills  cease  to 
have  any  function ;  if  only  in  a  less 
degree,  the  gills  may  still  continue 
to  assist  in  respiration.  The  Barra- 
munda, in  fact,  can  breathe  by  either  _,     ,_,     „ 

...  ,  ,  ,       ,       ,      -       ,    Fio.  173,— Upper  law  of  A«™™- 

gills  or  lung  alone  or  by  both  simul-     lodui/ortim  ooniher.    <Afier 

taneously.      It  is  not  probable  that     ^""''^ 

it  lives  freely  out  of  water,  its  limbs  being  much  too  flexible 

for  supporting  the  heavy  and  unwieldy  body  and  too  feeble 
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generally  to  be  of  much  use  in  locomotion  on  land.  How- 
ever, it  is  quite  possible  that  it  is  occasionally  compelled  to 
leave  the  water,  although  we  cannot  believe  that  it  can  exist 
without  it  in  a  lively  condition  for  any  length  of  time. 

"  Of  its  propagation  or  development  we  know  nothing  except 
that  it  deposits  a  great  number  of  eggs  of  the  size  of  those  of 
a  newt,  and  enveloped  in  a  gelatinous  case.  We  may  infer 
that  the  young  are  provided  with  external  gills,  as  in  Pro- 
topteriis  and  Polypterus. 

"The  discovery  of  Ceratodus  does  not  date  farther  back 

than  the  year  1870,  and  proved  to  be  of 

the  greatest  interest,  not  only  on  account 

of  the  relation  of  this  creature  to  the  other 

living  Dipneusti  and  Ganoidei,  but  also 

because    it    threw  fresh    light  on  those 

singular  fossil  teeth  which  are  found  in 

strata  of  Triassic  and  Jurassic  formations 

Via.  176.— Lower  Jbw  of  ^"^  various  parts  of    Europe,   India,  and 

.y,»Mratodu#/or.(«w  QQn-  America.      These    teeth,  of    which  there 

ther.    (After  GQnther.)  .,  ,  , 

IS  a  great  variety  with  regard  to  general 

shape  and  size,  are  sometimes  two  inches  long,  much  longer 
than  broad,  depressed,  with  a  flat  or  slightly  undulated,  always 
Lepidosirenids. — The  family  Lepidosirenidw,  representing  the 
suborder  Diploneunwna,  is  represented  by  two  genera  of  mud- 
fishes found  in  streams  of  Africa  and  South  America. 
Lepidosiren  paradoxa  was  discovered  by  Natterer  in  1837  in 
tributaries  of  the  Amazon.      It  was  long  of  great  rarity  in 


Fio.  177  —Adult  male  of  Zepjrfiwiren  ;«rorfae(i  Fitzlnger  (After  Kerr.) 
collections,  but  quite  recently  large  numbers  have  been  ob- 
tained, and  Dr.  J.  Graham  Kerr  of  the  University  of  Cambridge 
has  given  a  very  useful  account  of  its  structure  and  develop- 
ment. From  his  memoir  we  condense  the  following  record 
of  its  habits  as  seen  in  the  swamps  in  a  region  known  as  Gran 
Chaco,  which  lies  under  the  Tropic  of  Capricorn.    These  swamps 
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in  the  rainy  season  have  a  depth  of  from  two  to  four  feet,  be- 
coming entirely  dry  in  the  southern  winter  (June,  July). 

Kerr  on  the  Habits  of  Lepidosiren. — The  loalach,  as  the  Lepi- 
dosiren  is  locally  called,  is  normally  sluggish,  wriggling  slowly 
about  at  the  bottom  of  the  swamp,  using  its  hind  limbs  in 
irregular  alternation  as  it  clambers  through  the  dense  vegeta- 
tion. More  rapid  movement  is  brought  about  by  lateral 
strokes  of  the  large  and  powerful  posterior  end  of  the  body. 
It  burrows  with  great  facility,  gliding  through  the  mud,  for 
which  form  of  movement  the  shape  of   the  head,  with    the 


Pio.  178  —Embryo  (3  days  before  hatching' and  larva  (18  dajra  after  haicbing) 
of  Ltptdtmrtn  paradoxa  Fitzlnger.    (After  Kerr.) 

upper  lip  overlapping  the  lower  and  the  external  nostril  placed 
within  the  lower  Up,  is  admirably  adapted.  It  feeds  on  plants, 
algse,  and  leaves  of  fiower-plants.  The  gills  are  small  and  quite 
unable  to  supply  its  respiratory  needs,  and  the  animal  must 
rise  to  the  surface  at  intervals,  like  a  frog.  It  breathes  with 
its  lungs  as  continuously  and  rhythmically  as  a  mammal,  the 
air  being  inhaled  through  the  mouth.  The  animal  makes  no 
vocal  sound,  the  older  observation  that  it  utters  a  cry  like 
that  of  a  cat  being  doubtless  erroneous.  Its  strongest  sense  is 
that  of  smell.     In  darkness  it  grows  paler  in  color,  the  black 
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chromatophores  shrinking  in  absence  of  light  and  enlarging  in 

the  sunshine.     In  injured  animals  this  reaction  becomes  much 
less,  as  they  remain  pale  even  in  daylight. 

In  the  rainy  season  when  food  is  abundant  the  Lepidosiren 
eats  voraciously  and  stores  great  quantities  of  orange-colored 
fat  in  the  tissues  between  the  muscles.  In  the  dry  season  it 
ceases  to  feed,  or,  as  the  Indians  put  it,  it  feeds  on  water.  When 
the  water  disappears  the  Lepidosiren  burrows  down  into  the 
mud,  closing  its  gill-openings,  but  breathing  through  the  mouth. 
As  the  mud  stiffens  it  retreats  to  the  lower  part  of  its  burrow, 


Fio.  179  —Larva  of  Lepidotiren  paradoxa  80  daya  after  hatcbing.     (After  Kerr.) 

where  it  lies  with  its  tail  folded  over  its  face,  the  body  sur- 
rounded by  a  mucous  secretion.  In  its  burrow  there  remains 
an  opening  which  is  closed  by  a  lid  of  mud.     At  the  end  of  the 


Fio.  180.— Lnn-a  of  lApidim,: 


40  days  nfler  Latcliing.     (After  Kerr.) 


dry  season  this  lid  is  pushed  aside,  and  the  animal  comes  out 
when  the  water  is  deep  enough.  When  the  waters  rise  the 
presence  of  Lepidosirens  can  be  found  only  by  a  faint  quivering 


Pio.  181  —Larva  of  Lepid(. 


movement  of  the  grass  in  the  bottom  of  the  swamp.  When 
taken  the  body  is  found  to  be  as  slippery  as  an  eel  and  as  mus- 
cular.    The  eggs  are  laid  in  underground  burrows  in  the  black 
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peat.  Their  galleries  run  horizontally  and  are  usually  two  feet 
long  by  eight  inches  wide.  After  the  eggs  are  laid  the  male 
remains  curled  up  in  the  nest  with  them.  In  the  spawning 
season  an  elaborate  brush  is  developed  in  connection  with  the 
ventral  fins. 

Prolopterus,  a  second  genus,  is  found  in  the  rivers  of  Africa, 
with  three  species,  P.  annectens,  P.  dolloi,  and  P.  cethiopicus. 

The  genus  has  five  gill-clefts,  instead  of  four  as  in  Lepidosiren. 
It  retains  its  external  gills  rather  longer  than  the  latter,  and 
its  limbs  are  better  developed.  The  habits  of  Prolopterus  are 
essentially  like  those  of  Lepidosiren,  and  the  two  types  have 
developed  along  parallel  lines  doubtless  from  a  common  ancestry. 
No  fossil  Lepidosirenida;  are  known. 


Fio.  lH2,—ProlopUTUJt  dolloi  Bimli-ngcr.     CVmgo  Kly<;r.     Faniilj'  IjKpidMiTenidat, 

Arthrodires.  —  The  large  group  of  Arlhrodires  consists  of 
mailed  and  helmeled  fishes  with  disiinct  jaws  and  other  charac- 
ters separating  them  widely  from  the  Oslracophores.  In  the 
latest  view,  that  of  Woodward  and  Eastman,  these  fishes  con- 


Fia.  183.— An  Arthrodire.  Dinirhagu  iaiiirmedlit  NKwNiny,  resv.r'-'i.     r>Pvoiil»o. 


stitute  an  order  of  Dipnoans.  As  they  are  ;ill  extinct,  the 
reader  is  referred  to  the  "Guide  to  the  Studyof  ^i,^hf-s  "  for 
further  discussion. 

Cyclic.  -The  hyp<-ithetical  suborder,    CyriitT^,  hfisefl   on    the 
extinct  genus  Polios pon.iylus,  may  \tc  similarly  treated. 


CHAPTER  XVIII 

THE  GANOIDS 

UBCLASS  Actinopteri.  —  In  our  glance  over  the  taxon- 
omy of  the  earHer  Chordates,  or  fish-like  vertebrates, 
we  have  detached  from  the  main  stem  one  after  an- 
other a  long  series  of  archaic  or  primitive  types.  We  have  first 
set  off  those  with  rudimentary  notochord,  then  those  with  retro- 
gressive development  who  lose  the  notochord,  then  those  with- 
out skull  or  brain,  then  those  without  limbs  or  lower  jaws. 
The  residue  assume  the  fish-like  form  of  body,  but  still  show 
great  differences  among  themselves.  We  have  then  detached 
those  without  membrane-bones,  or  trace  of  lung  or  air-bladder. 
We  next  part  company  with  those  having  the  air-bladder  a 
veritable  lung,  and  those  w^ith  an  ancient  type  of  paired  fins, 
a  jointed  axis  fringed  with  rays,  and  those  having  the  palate 
still  forming  the  upper  jaw.  We  have  finally  left  only  those 
having  fish-jaws,  fish-fins,  and  in  general  the  structure  of  the 
modem  fish.  For  all  these  in  all  their  variety,  as  a  class  or 
subclass,  the  name  Actinopteri,  or  Actinopterygii,  suggested  by 
Professor  Cope,  is  now  generally  adopted.  The  shorter  form, 
Actinopteri,  being  equally  correct  is  certainly  preferable.  This 
term  {aKti^,  ray;  nrepov  or  nrepvB,  fin)  refers  to  the  structure 
of  the  paired  fins.  In  all  these  fishes  the  bones  supporting 
the  fin-rays  are  highly  specialized  and  at  the  same  time  con- 
cealed by  the  general  integument  of  the  body.  In  general 
two  bones  connect  the  pectoral  fin  with  the  shoulder-girdle. 
The  hypercoracoid  is  a  flat  square  bone,  usually  perforated 
by  a  foramen.  Lying  below  it  and  parallel  with  it  is  the  irregu- 
larly formed  hypocoracoid.  Attached  to  them  is  a  row  of  bones, 
the  actinosts,  or  pterygials,  short,  often  hour-glass-shaped, 
which  actually  support  the  fin-rays.     In  the  more  specialized 

forms,  or  Teleosts,  the  actinosts  are  few  (four  to  six)  in  nimiber, 
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but  in  the  more  priiniti\-e  tj-pes.  or  Ganoids,  they  may  remain 
numerous,  a  reminiscence  of  the  condition  seen  in  the  Crossop- 
ter>-gians,  and  especially  in  Polyptirtis.  Other  \-ariations  may 
occur ;  the  two  coracoids 
sometimes  are  imperfect 
or  specially  modified,  the 
upper  sometimes  without 
a  foramen,  and  the  ac- 
tinosts  may  be  distorted 
in  form  or  position. 

The  Series  GanoideL — 
Among  the  lower  Acli- 
n<?ft<yi  many  archaic 
traits  still  persist,  and 
in  its  earlier  representa- 
tives the  group  ap- 
proaches closely  to  the 
Crcssi-piirygii,  although 
no  forms  actually  intei^ 
mediate  are  kno'wn  either 
li\"ing  or  fossil.  The 
great  group  of  Actittopteri 
may  be  di%ided  into  two 
series  or  subclasses,  the 
Co»:oiJt't.  or  ChretiJrosici. 
containing  those  forms, 
mostly  extinct,  which  re- 
tain archaic  traits  of  one 
&-irt  or  another,  and  the 
Tclt\-'stt^!\  or  bony  fishes. 
in  which  most  of  the 
primitive  characters  have  disappeared.  Dv>ubtless  all  of  the 
TeU'Ostci  are  descended  from  a  ganoid  ancestr\'. 

Even  among  the  Ga'-.^'^iJci.  as  the  term  is  here  restricted, 
there  remains  a  ver\-  great  variety  of  form  and  structure.  The 
fossil  and  existing  forms  do  not  form  continuous  series,  hut  rep- 
resent the  tips  and  remains  of  many  divei^ng  branches  perhaps 
from  some  Crossopter\'gian  central  stock.  The  group  constitutes 
at  least  three  distinct  orders  and.  as  a  whole,  does  not  admit  of 


■,  Faro- 
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perfect  definition.  In  most  but  not  all  of  the  species  the  tail 
is  distinctly  and  obvioiisly  heterocercal,  the  lack  of  symmetry 
of  the  tail  in  some  Teleosts  being  confined  to  the  bones  and  not 
evident  without  dissection.  Most  of  the  Ganoids  have  the 
skeleton  still  cartilaginous,  and  in  some  it  remains  in  a  very 
primitive  condition.  Usually  the  Ganoids  have  an  armature 
of  bony  plates,  diamond-shaped,  with  an  enamel  like  that 
developed  on  the  teeth.  In  all  of  them  the  pectoral  fin  has 
numerous  basal  bones  or  actinosts.  All  of  them  have  the  air- 
bladder  highly  developed,  usually  cellular  and  fxmctional  as  a 
limg,  but  connecting  with  the  dorsal  side  of  the  gullet,  not  with 
the  ventral  side  as  in  the  Dipnoans.  In  all  living  forms  there 
is  a  more  or  less  perfect  optic  chiasma.  These  ancient  forms 
retain  also  the  many  valves  of  the  arterial  bulb  and  the  spiral 
valve  of  the  intestines  found  in  the  more  archaic  types  of  fishes. 
But  traces  of  some  or  all  of  these  structures  are  found  in  some 
bony  fishes,  and  their  presence  in  the  Ganoids  by  no  means 
justifies  the  union  of  the  Ganoids  with  the  sharks,  Dipnoans, 
and  Crossopterygians  to  form  a  great  primary  class,  Palceich- 
ihyeSy  as  proposed  by  Dr.  Giinther.  Almost  every  form  of  body 
may  be  found  among  the  Ganoids.  In  the  Mesozoic  seas  these 
fishes  were  scarcely  less  varied  and  perhaps  scarcely  less  abundant 
than  the  Teleosts  in  the  seas  of  to-day.  They  far  exceed  the 
Crossopterygians  in  number  and  variety  of  forms.  Transitional 
forms  connecting  the  two  groups  are  thus  far  not  recognized.  So 
far  as  fossils  show,  the  characteristic  actinopterous  fin  with  its 
reduced  and  altered  basal  bones  appeared  at  once  without  in- 
tervening gradations. 

The  name  Ganoidci  {yavoz,  brightness;  elSn^,  resemblance), 
alluding  to  the  enameled  j)lates,  was  first  given  by  Agassiz  to 
those  forms,  mostly  extinct,  which  were  covered  with  bony  scales 
or  hard  plates  of  one  sort  or  another.  As  the  term  was  originally 
defined,  mailed  catfishes,  sea-horses,  Agon  idee,  Arthrodires, 
OsiracophoreSy  and  other  wholly  unrelated  types  were  included 
with  the  garpikes  and  sturgeons  as  Ganoids.  Most  of  these 
intruding  forms  among  living  fishes  were  eliminated  by  Johannes 
Miiller,  who  recognized  the  various  archaic  characters  common 
to  the  existing  forms  after  the  removal  of  the  mailed  Teleosts. 
Still  later  Huxley  separated  the  Crossopterygians  as  a  distmct 
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group,  while  others  have  shown  that  the  Ostracophori  and  Arthro- 
dira  should  be  placed  far  from  the  garpike  in  systematic  classi- 
fication. Cope,  Woodward,  Hay,  and  others  have  dropped  the 
name  Ganoid  altogether  as  productive  of  confusion  through 
the  many  meanings  attached  to  it.  Others  have  kept  it  as 
a  convenient  group  name  for  the  orders  of  archaic  Actinopteri, 
For  these  varied  and  more  or  less  divergent  forms  it  seems  con- 
venient to  retain  it.  As  an  adjective  "ganoid"  is  sometimes 
used  as  descriptive  of  bony  plates  or  enameled  scales,  some- 
in  the  sense  of  archaic,  as  applied  to  fishes. 

CbffinficatiOTi  of  Ganoids.  —  The  subdi\nsion  of  the  series 
of  Ganoidei  into  orders  offers  great  diflSculty  from  the  fact 
of  the  var\'ing  xelationships  of  the  members  of  the  group 
and  the  fact  that  the  great  majority  of  the  species  are 
known  only  from  broken  skeletons  i>reser\'ed  in  the  rocks. 
It  is  apparently  easy  to  separate  those  with  cartilaginous 
skeletons  from  those  wth  these  bones  more  or  less  ossified.  It 
is  also  easy  to  separate  those  with  bony  scales  or  plates  from 
those  ha\4ng  the  scales  cycloid.  But  the  one  t>'pe  of  skeleton 
grades  into  the  other,  and  there  is  a  bony  basis  even  to  the 
thinnest  of  scales  found  in  this  group,  .\mong  the  multitude 
of  names  and  di\'isic»r^  pr^-pr'sed  we  may  recognize  six  orders, 
for  which  the  names  Lys?pieri,  Chondrostei,  Sehchostomu 
PycnoJcK:t\  Lepidostei,  and  HaUccnzcrpki  are  not  inappropriate. 
Each  of  these  seems  to  repcesent  a  distirxt  offshoot  from  the 
first  primitive  group. 

Order  LysopterL — In  the  nt^.-st  ;Tin::t:ve  rrcer.  called  Lysop- 
teri  (.lr<T^.'c,  k^i'se:  Trr^iy  v.  nn  ry  C>r>e.  Hctercccrci  by  Zittel 
and  Eastman,  and  the  "ascending  series  of  Cl:cr.cp^/stei'*  by 
Woodward,  we  fj?A  the  nearest  a^Tr-  ach  to  the  Choncropter- 
ygians.  In  this  or*ier  the  arches  r-i  the  vertehrae  are  m.ore  or 
less  ossified,  the  \y^Ay  is  m^ire  •  r  I^-ss  short  an  i  ceep,  covered 
with  bc»nv  dermal  rlates.  The  oixrcular  a:>T>aratus  is  well 
developed,  with  ntim.erous  branchi^'Stegals.  Infraclavicles  are 
present,  and  the  &ts  proviied  ^"ith  fiilcra.  D-.rsal  and  anal 
fins  are  present,  with  rays  m.ore  num.erous  than  their  suppcTts : 
ventral  fin  with  basal  supports  which  are  im-perfectly  ossified : 
caudal  fin  mostK*  heterocercal.  the  scales  m^ostlv  rhombic  in 
form.     An  the  members  of  this  group  are  now  extinct. 
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The  PmUeonisdde. — The  nximeroiis  genera  of  this  order  are 
referred  to  three  families,  the  Pcd<£oniscidtB,  Platysomida,  and 
Dictyopygida:;  a  fourth  family,  Dorypterida,  of  uncertain  re- 
lations, being  also  tentatively  recognized.  The  family  of 
PaiaioniscidfB  is  the  most  primitive,  ranging  from  the  Devonian 
to  the  Lias,  and  some  of  them  seem  to  have  entered  fresh 
waters  in  the  time  of  the  coal-measures.  These  fishes  have 
the  body  elongate  and  pro\"ided  with  one  short  dorsal  fin.  The 
tail  is  heterocercal  and  the  body  co\-ered  with  rhombic  plates. 
Fulcra  or  rudimentar>'  spine-like  scales  are  developed  on  the 
upper  edge  of  the  caudal  fin  in  most  recent  Ganoids,  and  often 
the  back  has  a  median  row  of  imdeveloped  scales.  A  multi- 
tude of  species  and  geneia  are  recorded  A  t\-pical  form  is 
the  genus  Paltroniscum*  with  many  species  represented  in  the 
rocks  of  \-arious  parts  of  the  world.  The  longest  known  species 
is  Paleoniscum  friesUbenense  from  the  Permian  of  Germany 
and  England.     PaUronisaim  t>u2g»u>n.  sixteen  inches  long,  occurs 
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with  very  long  dorsal  and  anal  fins.  In  other  respects  they  are 
very  qmilar  to  the  Pakconiscidar,  the  osteology  being  the  same. 
The  Pakeoniscida  were  rapacious  fishes  with  sharp  teeth,  the 
PlaiysomidtB  less  active,  and,  from  the  blimter  teeth,  probably 
feeding  on  small  animals,  as  crabs  and  snails. 

The  Tbombic  enameled  scales  are  highly  specialized  and 
held  together  as  a  coat  of  mail  by  peg-and-socket  joints.  The 
most  extreme  form  is  Platysomus,  with  the  body  very  deep. 
Platysomus  gibbosus  and  other  species  occur  in  the  Permian 
rocks  of  Germany.  Ch^irodus  is  similar  to  Platysomus,  but 
without  ventral  fins.  Eurynotus,  the  most  primitive  genus,  is 
remarkable  for  its  large  pectoral  fins.     Eurynotus  crenatus  occurs 


in  the  Subcarboniferous  of  Scotland.  Other  genera  are  MesO' 
lepis,  Globulodus,  Wardichtiiys.  and  Cheirodopsis. 

Some  of  the  Platysomid<r  have  the  intemeural  spines  pro- 
jecting through  the  skin  before  the  dorsal  fin.  This  condition 
is  foimd  also  in  certain  bony  fishes  allied  to  the  Carangidd:. 

The  Dorypteiids. — Dorypterus  Itcfjmatji,  the  t>-pe  of  the  sin- 
gular Palaeozoic  family  of  Dorypterida:,  with  thoracic  or  sub- 
jugular many-rayed  ventrals,  is  Stromateus-Iike  to  all  appear- 
ance, with  distinct  resemblances  to  certain  Scombroid  forms, 
but  with  a  heterocercal  tail  like  a  ganoid,  imperfectly  ossified 
back-bone,  and  other  ver\'  archaic  characters.  The  body  is 
apparently  scaleless,  unlike  the  true  Platysomid<r,  in  which  the 
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scales  are  highly  developed.  A 
althausi,  also  from  the  German  copper 
This  species  has  lower  fins 
mani,  but  may  be  the  adult 
Dorypterus  is  regarded  by 
cialized  offshoot  from  the 
many-rayed  ventrals  and  the 
body  and  fins  suggest  affinit\ 
Dictyopygidse. — In  the  I  hi 
d<B),  the  body  is  gracefulH 
pressed,  the  heterocercal  tail 
turned  upwards,  the  tctth 
hooked,  and  the  bony  plites 
this  group  two  genera  are 
taining  numerous  species.  In 
terus  Redfield,  not  of  Agassiz) 


Dorypterus 
>,  has  been  described. 
than  Dorypterus  hoff- 
of  the  same  type. 
Woodward  as  a  spe- 
PlatysomidiE.  The 
general  form  of  the 
w  ith  the  Lampridfs. 
tyopygidiE  {Catopteri- 
elongate,  less  com- 
is  short  and  abruptly 
are  sharp  and  usually 
well  developed.  Of 
recognized,  eachcon- 
Redfieldius  {  =  Catop- 
the  dorsal  is  inserted 


FiQ,  187.— D„ryp(e™!  h''fli 


behind  the  anal,  while  in  Dictyopyge  this  is  not  the  case.  Red- 
fieldins  gracilis  and  other  species  are  found  in  the  Triassic  of 
the  Connecticut  River.  Dictyopyge  macrnra  is  found  in  the  same 
region,  and  Dictyopyge  caioptera  and  other  species  in  Europe. 
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Order  Chondrostci.—  The  order  Choyidrostei  (xovdpos,  carti- 
lage; oareov,  bone),  as  accepted  by  Woodward,  is  characterized 
by  the  persistence  of  the  notochord  in  greater  or  less  degree, 
the  endoskeleton  remaining  cartilaginous.  In  all,  the  axonosts 
and  baseosts  of  the  median  fins  are  arranged  in  simple  regu- 
lar series  and  the  rays  are  more  numerous  than  the  sup- 
porting elements.  The  shoulder-girdle  has  a  pair  of  infra- 
clavicular plates.  The  pelvic  fins  have  well-developed  base- 
osts. The  branchiostegals  are  few  or  wanting.  In  the  living 
forms,  and  probably  in  all  others,  a  matter  which  can  never 
be  ascertained,  the  optic  nerves  are  not  decussating,  but  form 
an  optic  chiasma,  and  the  intestine  is  provided  with  a  spiral 
valve.  In  all  the  species  there  is  one  dorsal  and  one  anal  fin, 
separate  from  the  caudal.  The  teeth  are  small  or  wanting, 
the  body  naked  or  covered  with  bony  plates;  the  caudal  fin  is 
usually  heterocercal,  and  on  the  tail  are  rhombic  plates.  To 
this  order,  as  thus  defined,  about  half  of  the  extinct  Ganoids 
belong,  as  well  as  the  modem  degenerate  forms  known  as  stur- 
geons and  perhaps  the  paddle-fishes,  which  are  apparently  derived 
from  fishes  with  rhombic  enameled  scales.  The  species  extend 
from  the  Upper  Carboniferous  to  the  present  time,  being  most 
numerous  in  the  Triassic. 

At  this  point  in  Woodward's  system  diverges  a  descending 
series,  characterized  as  a  whole  by  imperfect  squamation  and 
elongate  form,  this  leading  through  the  synthetic  type  of  Chon- 
drosieidce  to  the  modem  sturgeon  and  paddle-fish,  which  are 
regarded  as  degenerate  types. 

The  family  of  Satirorhynchidcc  contains  pike-like  forms,  with 
long  jaws,  and  long  conical  teeth  set  wide  apart.  The  tail  is 
not  heterocercal,  but  short -diphycercal ;  the  bones  of  the  head 
are  covered  with  enamel,  and  those  of  the  roof  of  the  skull  form 
a  continuous  shield.  The  opercular  apparatus  is  much  reduced, 
and  there  are  no  branchiostegals.  The  fins  are  all  small,  without 
fulcra,  and  the  skin  has  isolated  longitudinal  series  of  bony 
scutes,  but  is  not  covered  with  continuous  scales.  The  principal 
genus  is  Saurorhynchiis  {^Belonorhynchus ;  the  former  being 
the  earlier  name)  from  the  Triassic.  Saiirorhynchns  aciitiis  from 
the  English  Triassic  is  the  best  known  species. 

The  family  of  Clwndrosteidce  includes  the  Triassic  prectu'sors 
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of  the  sturgeons.  The  general  fonn  is  that  of  the  sturgeon, 
but  the  body  is  scaleless  except  on  the  upper  caudal  lobe,  and 
there  are  no  plates  on  the  median  line  of  the  skull.  The  oper- 
cle  and  subopercle  are  present,  the  jaws  are  toothless,  and  there 
are  a  few  well-developed  caudal  rays.  The  caudal  has  large 
fulcra.  The  single  well-known  species  of  this  group,  Chondrosteus 
acipenserotdes,  is  found  in .  the  Triassic  rocks  of  England  and 
reaches  a  length  of  about  three  feet.  It  much  resembles  a 
modem  sttu-geon,  though  differing  in  several  technical  respects. 
Chondrosteus  pachyurus  is  based  on  the  tail  of  a  species  of  much 
larger  size  and  Gyrosteus  mtrabilts,  also  of  the  English  Triassic, 


Fig.  lSS,—Chandro8teri8  acipenseroides  Egerton.     Family  ChondroateidcB. 

(After  Woodward.) 

is  known  from  fragments  of  fishes  which  must  have  been  i8 
to  20  feet  in  length. 

The  sturgeons  constitute  the  recent  family  of  AcipensertdcB, 
characterized  by  the  prolonged  snout  and  toothless  jaws  and 
the  presence  of  four  barbels  below  the  snout.  In  the  Acipen- 
seridce  there  are  no  branchiostegals  and  a  median  series  of  plates 
is  present  on  the  head.  The  body  is  armed  with  five  rows  of 
large  bony  bucklers, — each  often  with  a  hooked  spine,  sharpest 
in  the  yotmg.  Besides  these,  rhombic  plates  are  developed 
on  the  tail,  besides  large  fulcra.  The  sturgeons  are  the  youngest 
of  the  Ganoids,  not  occurring  before  the  Lower  Eocene,  one 
species,  Acipenser  toltaptcus  occurring  in  the  London  clay. 
About  thirty  living  species  of  sturgeon  are  known,  referred 
to  three  genera:  Acipenser,  found  throughout  the  Northern 
Hemisphere,  Scaphirhynchiis,  in  the  Mississippi  Valley,  and 
Kessleria  (later  called  Psetidoscaphirhynchus),  in  Central  Asia 
alone.  Most  of  the  species  belong  to  the  genus  Acipenser,  which 
aboimds  in  all  the  rivers  and  seas  in  which  salmon  are  found. 
Some  of  the  smaller  species  spend  their  lives  in  the  rivers,  ascend- 
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ing  smaller  streams  to  spawn.  Other  sttirgeons  are  marine, 
ascending  fresh  waters  only  for  a  moderate  distance  in  the 
spawning  season.     They  range  in  length  from  2^  to  30  feet. 

All  are  used  as  food,  although  the  flesh  is  rather  coarse 
and  beefy.  From  their  large  size  and  abimdance  they  possess 
great  economic  value.  The  eggs  of  some  species  are  prepared 
as  caviar. 

The  sturgeons  are  sluggish,  clumsy,  bottom-feeding  fish. 
The  mouth,  imdemeath  the  long  snout,  is  very  protractile, 
sucker-like,  and  without  teeth.  Before  it  on  the  under  side 
of  the  snout  are  four  long  feelers.  Ordinarily  the  sturgeon  feeds 
on  mud  and  snails  with  other  small  creatures,  but  I  have  seen 


Fio.  189.— Common  Sturgeon,  Acipenaer  sturio  Mitchill.     Potomac  River. 

large  numbers  of  Eulachon  (Thaletchthys)  in  the  stomach  of 
the  Columbia  River  sturgeon  {Acipenser  transntontanus).  This 
fish  and  the  Eulachon  run  in  the  Columbia  at  the  same  time, 
and  the  sucker-mouth  of  a  large  sturgeon  \\411  draw  into  it  num- 
bers of  small  fishes  who  may  be  unsuspiciously  engaged  in 
depositing  their  spawTi.  In  the  spawTiing  season  in  June  these 
climisy  fishes  will  often  leap  wholly  out  of  the  water  in  their 
play.  The  sturgeons  have  a  rough  skin  besides  five  series  of 
bony  plates  which  change  much  with  age  and  which  in  very 
old  examples  are  sometimes  lost  or  absorbed  in  the  skin.  The 
common  sturgeon  of  the  Atlantic  on  both  shores  is  Acipenser 
sturio,  Acipenser  huso  and  numerous  other  species  are  found 
in  Russia  and  Siberia.  The  great  sturgeon  of  the  Columbia 
is  Acipenser  transmontantis,  and  the  great  sturgeon  of  Japan 
Acipenser  kikiichii.  Smaller  species  are  found  farther  south, 
as  in  the  Mediterranean  and  along  the  the  Carolina  coast. .  Other 
small  species  abound  in  rivers  and  lakes.  Acipenser  riibicundns 
is  found  throughout  the  Great  Lake  region  and  the  Mississippi 
Valley,  never  entering  the  sea.  It  is  four  to  six  feet  long,  and 
at  Sandusky,  Ohio,  in  one  season  14,000  sturgeons  were  taken 
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in  the  pound  nets.     A  similar  species,   Acipenser  mikadot,  is 
abundant  and  valuable  in  the  streams  of  northern  Japan. 


Fig.  190. — Lake  Sturgeon,  Acipenser  rubicundus  Le  Sueur.     Ecorse,  Mich. 

In  the  genus  Acipenser  the  snout  is  sharp  and  conical,  and 
the  shark-like  spiracle  is  still  retained. 

The  shovel-nosed  sturgeon  {Scaphtrhynchus  platyrhynchus) 
has  lost  the  spiracles,  the  tail  is  more  slender,  its  surface  wholly 
bony,  and  the  snout  is  broad  and  shaped  like  a  shovel.  The 
single   species  of   Scaphtrhynchus   abounds    in    the   Mississippi 


T 


Fig.  191  — Shovel-nosed  Sturgeon.  Scaphirhynchus  platyrhynchus  (Rafinesque). 

Ohio  River. 

Valley,  a  fish  more  interesting  to  the  naturalist  than  to  the 
fisherman.  It  is  the  smallest  of  our  sturgeons,  often  taken  in 
the  nets  in  large  numbers. 

In  Scaphyrhynchiis  the  tail  is  covered  by  a  continuous  coat 
of  mail.  In  Kessleria  *  jedtschenkoi,  rossikowi,  and  other 
Asiatic  species  the  tail  is  not  mailed. 

Order  Selachostomi :  the  Paddle-fishes.  —  Another  type  of 
Ganoids,  allied  to  the  sturgeons,  perhaps  still  further  degenerate, 
is  that  of  the  paddle-fishes,  called  by  Cope  Selachostomi  {aeXaxos^ 
shark ;  cFropia,  mouth) .  This  group  consists  of  a  single  family, 
Polyodontidcu,  having  apparently  little  in  common  with  the 
other  Ganoids,  and  in  appearance  still  more  suggestive  of  the 
sharks.  The  common  name  of  paddle-fishes  is  derived  from 
the  long  flat  blade  in  which  the  snout  terminates.  This  ex- 
tends far  beyond  the  mouth,  is  more  or  less  sensitive,  and  is 

*  These  species  have  also  been  named  Pseudoscaphirhynchus.  Kessleria 
is  the  earlier  name,  left  undefined  by  its  describer,  although  the  type  was 
indicated. 
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::  xct  snr  up  tnennic  ir.  Trnici:  arv  lonnc  tne  minute  orgramsms 
an  -wiiich  the  fish  ieedi.     Vnoer  the  xjaddit  art  ioar  ver\' xainute 


T:u».  19i:. — ^Puddk^tuiL    Pttiuoaot.    svaitimc    T\'aliiAuzL.       OiiK    Hiii'c. 

faarbeisr  cc^rrespanding  iC)  those  of  thr  sturgeuni:  The  vemaciilar 
namei-  o:  spocxabiL.  duckbiL  cat  and  sbovei-hsh  are  aisr-  denved 
from  the  ionr  of  the  snoni  Tb*  skn.  i:-  iit:arjy  smocrLh,  the  tail 
is  bffterocercal.  tht  leeth  art  \^:  sniall.  anc  a  ionp  fieshy  flap 
covers  the  gjL-upenmg:      Tbt  ^"trr;^-  iviri^'  anc   sknd^r  gill-xakers 


Fic-  ins. — Puddift-iii^    FnitHKun.   4tpaUiutc    I'Wulijftum.      Oiuc-   Kiver 

ser\*e  i-.  strarr  the  food  'Wtmrib.  ieecbes.  water-beeties.  crusta- 
ceans, and  algae  iron:  the  inudd}'  wai^rrb  ir'.m.  which  they  are 
taken.  The  most  unxMin-ian:  -par.  of  uiib  die:  consists  of  En- 
tomostracans.  The  single  -^vnriencar.  spei-atrh.  Foiyodcm  spathuLz. 
abounds  throiigh  the  Missisbit»p:  Valiey  in  all  the  iHTger 
streams.  I:  reaches  l  length  of  tiiree  cc  four  feet.  It  is  often 
taken  n:  the  nets,  but  the  coarst  lough  fiesh.  like  that  of  our 
infericr  catnsr..  is  not  much  esteemed,  in  the  great  nvers  of 
China,  the  Yangi&t  and  tht   Hoanji'   K..   is   l   sec'.md  sx>ecies. 


k'lL.  i^ — F*ephuru*  giadfa>  Guntiier      YmiffU*^  River        After  Gimthcr. 

Psephitrn:  gladins.  with  narrower  snout,  fewer  gili-rakers.  and 
much  coarser  fulcra  on  the  tail  The  habits,  s-:  far  as  kn^\\'::, 
are  much  the  same. 

Cros^opholis    tnagnicaiidauis    of    the    Green    River    Eocene 
shales  is  a  primitive  member  of  the  Polyodoniida:.    Its  rostral  blade 
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is  shorter  than  that  of  Polyodon,  and  the  body  is  covered  with 
small  thin  scales,  each  in  the  fonn  of  a  small  grooved  disk  with 
several  posterior  denticulations,  arranged  in  oblique  series  but 
not  in  contact.  The  scales  are  quadrate  in  form,  and  more 
widely  separated  anteriorly  than  posteriorly".  As  in  Polyodon, 
the  teeth  are  minute  and  there  are  no  branchiostegals.  The 
squamation  of  this  fish  shows  that  Polyodon  as  well  as  Acipenser 
may  have  sprung  from  a  type  having  rhombic  scales.  The  tail 
of  a  Cretaceous  fish,  Pholidurtu  disjectus  from  the  Cretaceous 
of  Europe,  has  been  referred  with  doubt  to  this  family  of  Poly- 
odontidtB. 

Order  PycnodontL — In  the  extinct  order  Pycnodonti,  as  rec- 
ognized by  Dr.  O.  P.  Hay,  the  notochord  is  persistent  and  with- 
out ossification,  the  body  is  very  deep,  the  teeth  are  always 


blunt,  the  opercular  apparatus  is  reduced,  the  dorsal  fin  many- 
rayed,  and  the  fins  without  fulcra.  The  scales  are  rhombic, 
but  are  sometimes  wanting,  at  least  on  the  tail.  Many  genera 
and  species  of  Pycnodontidw  are  described,  mostly  from  Triassic 
qnd  Jurassic  rocks  of  Europe.  Leading  European  genera  are 
Pycnodtis,  Typodus  (Mesodon),  Gyrodus,  and  Palwobalistum.  The 
numerous  American  species  belong  to  Typodus,  Ccelodus, 
Pycnodus,  Hadrodus,  and  Uranoplosus.  These  forms  have  no 
affinity  with  Balistes.  although  there  is  some  resemblance  in 
appearance,  which  has  suggested  the  name  of  Pal<robalistum. 
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Woodward  places  these  fishes  with  the  Scmtonotida:  and  Ha- 
lecottiorphi  in  his  suborder  of  Protospondyli.  It  seems  preferable, 
however,  to  consider  them  as  forming  a  distinct  order. 

Order  Lepidogtei.— We  may  place,  following  Eastman's  edition 
of  Zittel,  the  allies  and  predecessors  of  the  garpike  in  a  single 
order,  for  which  Huxley's  name  Lepidostei  may  well  be  used. 
In  this  group  the  notochord  is  persistent,  and  the  vertebne  are 
in  various  degrees  of  ossification  and  of  different  forms.     The 


opercles  are  usually  complete,  the  branchiostegals  present,  and 
there  is  often  a  gular  plate.  There  is  no  infraclavicle  and  the 
jaws  have  sharp  teeth.  The  fins  have  fulcra,  and  the  supports 
of  the  fins  agree  in  number  with  the  rays.  The  tail  is  more  or  less 
hetcrocercal.  The  scales  are  rhombic,  arranged  in  oblique  series, 
which  arc  often  unitc<l  above  and  below  with  peg-and-socket 
articulations.  This  group  contains  among  recent  fishes  only  the 
garpikes  {Lcpiscsteiis). 

Family  Lepisosteidse. — The  family  of  Ixpisostcid<c,  constituting 
the  suborder  Ghtcilymodi  (yiyykvfioi.  hinge),  is  characterized 
especially  by  the  form  of  the  vertebne. 

These  are  ojiisthoccelian,  convex  in  front  and  concave  behind, 
as  in  reptiles,  being  connected  by  ball-and-socket  joints.  The  tail 
is  mo<leratcly  hetcrocercal,  less  so  than  in  the  Halecomorphi,  and 
the  body  is  covered  with  very  hard,  diamond-shaped,  enameled 
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scales  in  structure  similar  to  that  of  the  teeth.  A  number  of 
peculiar  characters  are  shown  by  these  fishes,  some  of  them 
having  often  been  regarded  as  reptilian  traits.  Notable  features 
are  tbe  elongate,  crocodile-like  jaws,  the  upper  the  longer,  and 
both  armed  with  strong  teeth.  The  mandible  is  without  pre- 
symphysial  bone.  The  fins  are  small  with  large  fulcra,  and 
the  scales  are  nearly  uniform  in  size. 

All  the  species  belong  to  a  single  family,  LepisosteidcB,  which 
includes  the  modem  garpikes  and  their  immediate  relatives, 
some  of  which  occur  in  the  early  Tertiary.  These  voracious 
fishes  are  characterized  by  long  and  slender  cylindrical  bodies, 
with  enameled  scales  and  mailed  heads  and  heterocercal  tail. 
The  teeth  are  sharp  and  unequal.  The  skeleton  is  well  ossified, 
and  the  animal  itself  is  extremely  voracious.  The  vertebrae, 
reptile-like,  are  opisthocoelian,  that  is,  convex  in  front,  concave 
behind,  forming  ball-and-socket  joints.  In  almost  all  other 
fishes  they  are  amphicoelian  or  double-concave,  the  interspace 
filled  with  gelatinous  substance.  The  recent  species,  and  per- 
haps all  the  extinct  species  also,  belong  to  the  single  genus 
Lepisosteus  (more  correctly,  but  also  more  recently,  spelled 
Lepidosteus).  Of  existing  forms  there  are  not  many  species, 
three  to  five  at  the  most,  and  they  swarm  in  the  lakes,  bayous, 
and  sluggish  streams  from  Lake  Champlain  to  Cuba  and  along 
the  coast  to  Central  America.  The  best  known  of  the  species 
is  the  long-nosed  garpike,  Lepisosteus  ossetts,  which  is  found 
throughout  most  of  the  Great  Lake  region  and  the  Mississippi 
Valley,  and  in  which  the  long  and  slender  jaws  are  much  longer 
than  the  rest  of  the  head.  The  garpike  frequents  quiet  waters 
and  is  apparently  of  sleepy  habit.  It  often  lies  quiet  for  a  long 
time,  carried  around  and  around  by  the  eddies.  It  does  not 
readily  take  the  hook  and  seldom  feeds  in  the  aquarium.  It 
feeds  on  crayfishes  and  small  fishes,  to  which  it  is  exceedingly 
destructive,  as  its  bad  reputation  indicates.  Fishermen  every- 
where destroy  it  without  mercy.  Its  flesh  is  rank  and  tough 
and  unfit  even  for  dogs. 

In  the  young  garpike  the  caudal  fin  appears  as  a  second 
dorsal  and  anal,  the  filamentous  tip  of  the  tail  passing  through 
and  beyond  it. 

The  short-nosed  garpike,  Lepisosteus  platystomns,  is  gener- 
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ally  common  throughout  the  Mississippi  Valley.  It  has  a  short 
broad  snout  like  the  alligator  gar,  but  seldom  exceeds  three  feet 
in  length.  In  size,  color,  and  habits  it  agrees  closely  with  the 
common  gar,  differing  only  in  the  form  of  the  snout.  The  form 
is  subject  to  much  variation,  and  it  is  possible  that  two  or  more 
species  have  been  confounded. 

The  great  alligator-gar,  Lepisosteus  trist<Echns,  reaches  a 
length  of  twenty  feet  or  more,  and  is  a  notable  inhabitant  of 
the  streams  about  the  Gulf  of  Mexico.  Its  snout  is  broad  and 
relatively  mde,  and  its  teeth  are  very  strong.  It  is  very  de- 
structive to  all  sorts  of  food-fishes.  Its  flesh  is  worthless,  and 
its  enameled   scales  resist   a    spear  or  sometimes   even    shot. 


^^ 


Flo.  197. — Alligator-gar,  Lepitosleus  tristarhut  (Bloch).     Cuba. 

It  brcatht'S  air  to  a  certain  extent  by  its  lungs,  but  s<xin  dies 
in  foul  water,  not  having  the  tenacity  of  life  seen  in  Ainia. 

Order  Halecomorphi.  —To  this  order  belong  the  allies,  living 
or  extinct,  of  the  bowfin  (Amia),  having  for  the  most  part 
cycloid  scales  and  vertebrae  approaching  those  of  ordinary 
fishes.  The  resemblance  to  the  Isospondyli,  or  herring  group, 
is  indicated  in  the  name  (Halcc.  a  herring;  fi<yp<l>n<  form).  The 
notochord  is  persistent,  the  vertebra;  variously  ossified.  The 
opercle's  are  always  complete.  The  branchiostegals  arc  Viroad 
and  there  is  always  a  gular  plate.  The  teeth  are  pointed,  usually 
strong.  There  is  no  infraclavicle.  Fulcra  arc  present  or 
absent.  The  sup]X)rts  of  the  dorsal  and  anal  are  equal  in  num- 
ber to  the  rays.  Tail  hetcrocercal.  Scales  thin,  mostly  cycloid, 
but  bony  at  base,  not  jointed  with  each  other.  Mandible  com- 
plex, with  well-developed  splenial  rising  into  a  coronoid  process, 
which  is  completed  by  a  distinct  coronoid  bone.  Pectoral  fin 
with  more  than  five  actinosts;  scales  ganoid  or  cycloid.  In  the 
living  forms  the  air-bladder  is  connected  wilh  the  cesnphagus 
through  life ;  optic  chiasma  present ;  intestine  with  a  spiral 
valve. 
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Th«  Bovflns:  Amild*. — The  AmiidtB  have  the  vertebne  more 
complete.  The  dorsal  fin  is  many-rayed  and  is  without  distinct 
fulcra.  The  diamond-shaped  enameled  scales  disappear,  giving 
place  to  cycloid  scales,  which  gradually  become  thin  and  mem* 
branous  in  structure.  A  median  gular  plate  is  developed  be- 
tween the  branchiostegals.  The  tail  is  moderately  heterocercal, 
and  the  head  covered  with  a  bony  coat  of  mail. 

The  family  of  Amiida  contains  a  single  recent  species, 
Amia  ccUva,  the  only  living  member  of  the  order  Halecomorfihi. 
The  bowfin,  or  grindle,  is  a  remarkable  fish  abounding  in  the 
lakes  and  swamps  of  the  Mississippi  Valley,  the  Great  LaJK 
region,  and  southward  to  Virginia,  where  it  is  known  by  the 
imposing  but  imexplained  title  of  John  A.  Grindle. .  In  the 
Great  Lakes  it  is  usually  called  "dogfish,"  because  even  the 
dogs  will  not  eat  it,  and  "lawyer,"  because,  according  to  Dr. 
Kirtland,  "it  will  bite  at  anything  and  is  good  for  nothing 
when  caught." 

The  bowfin  reaches  a  length  of  two  and  one  half  feet,  tiie 
male  being  smaller  than  the  female  and  marked  by  an  ocellated 
black  spot  on  the  tail.     Both  sexes  are  dark  mottled  green  in 


Flo.  198. — Bowfin  (female),  Amia  calca  Linnxus.     Lake  Michigan. 

color.  The  flesh  of  the  species  is  very  watery,  pasty,  much 
of  the  substance  evaporating  when  exposed  to  the  air.  It  is 
ill-flavored,  and  is  not  often  used  as  food.  The  species  is 
very  voracious  and  extremely  tenacious  of  life.  Its  well-devel- 
oped lung  enables  it  to  breathe  even  when  out  of  the  water,  and 
it  will  live  in  the  air  longer  than  any  other  fish  of  American 
waters,  longer  even  than  the  homed  pout  {Amciuriis)  or  the 
mud-minnow  {Umbra).  As  a  game  fish  the  grindle  is  one  of 
the  very  best,  if  the  angler  does  not  care  for  the  flesh  of  what  he 
catches,  it  being  one  of  the  hardest  fighters  that  ever  tookthe  hook. 
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The  Amitdcc  retain  many  of  the  Ganoid  characters,  though 
approaching  more  nearly  than  any  other  of  the  Ganoids  to  the 
modem  herring  tribe.  For  this  reason  the  name  Halecomorpht 
(shad-formed)  was  given  to  this  order  by  Professor  Cope.  The 
gular  plate  foimd  in  Amia  and  other  Ganoids  reappears  in 
the  herring-like  family  of  Elopidcc,  which  includes  the  tarpon 
and  the  ten-poimder. 


CHAPTER  XIX 
ISOSPONDYLI 

HE  Subclass  Tclcostci,  or  Bony  Fishes. — The  fishes  which 
still  remain  for  discussion  constitute  the  great  sub- 
class or  series  of  Teleostei  (reAed?,  true;  ocrreov,  bone), 
or  bony  fishes.  They  lack  wholly  or  partly  the  Ganoid  traits, 
or  show  them  only  in  the  embryo.  The  tail  is  slightly,  if  at  all, 
heterocercal ;  the  actinosts  of  the  pectoral  fins  are  few  and  large, 
rarely  over  five  in  number,  except  among  the  eels;  the  fulcra 
disappear;  the  air-bladder  is  no  longer  cellular,  except  in  very 
rare  cases,  nor  does  it  assist  in  respiration.  The  optic  nerves 
are  separate,  one  hmning  to  each  eye  without  crossing;  the 
skeleton  is  almost  entirely  bony,  the  notochord  usually  dis- 
appearing entirely  with  age;  the  valves  in  the  arterial  bulb 
are  reduced  in  number,  and  the  spiral  valve  of  the  intestines 
disappears.  Traces  of  each  of  the  Ganoid  traits  may  persist 
somewhere  in  some  group,  but  as  a  whole  we  sec  a  distinct 
specialization  and  a  distinct  movement  toward  the  fish  type, 
with  the  loss  of  characters  distinctive  of  sharks,  Dipnoans,  and 
Ganoids.  In  a  general  way  the  skeleton  of  all  Teleosts  corre- 
sponds with  that  of  the  striped  bass,  and  the  visceral  anatomy 
is  in  all  cases  sufficiently  like  that  of  the  sunfish  (Fig.  i6). 

The  mesocoracoid  or  praecoracoid  arch,  fotmd  in  all  Ganoids, 
persists  in  the  less  specialized  types  of  bony  fishes,  although 
no  trace  of  it  is  found  in  the  perch-like  forms.  With  all  this, 
there  is  developed  among  the  bony  fishes  an  infinite  variety 
in  details  of  structure.  For  this  reason  the  Teleostei  must  be 
broken  into  many  orders,  and  these  orders  are  very  different 
in  value  and  in  degrees  of  distinctness,  the  various  groups  being 

joined  by  numerous  and  puzzling  intergradations. 
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Order  Isospondyli. — Of  the  various  subordinate  groups  of 
bony  fishes,  there  can  be  no  question  as  to  which  is  most  primi- 
tive in  structure,  or  as  to  which  stands  nearest  the  orders  of 
Ganoids.  EarUest  of  the  bony  fishes  in  geological  time  is  the 
order  of  Isospottdyli  (tiros,  equal;  a-TroydvXos,  vertebra),  contain- 
the  allies,  recent  or  fossil,  of  the  herring  and  the  trout.  This 
order  contains  those  soft-rayed  fishes  in  which  the  ventral 
fins  are  abdominal,  a  mesocoracoid  or  precoracoid  arch  is  de- 
veloped, and  the  anterior  vertebrae  are  immodified  and  essen- 
tially similar  to  the  others.  The  orbitosphenoid  is  present  in  all 
typical  forms.  In  certain  forms  of  doubtful  affinity  (Iniomi)  the 
mesocoracoid  is  wanting  or  lost  in  degeneration.  Through 
the  Isospondyli  all  the  families  of  fishes  yet  to  be  considered 
are  apparently  descended,  their  ancestors  being  Ganoid  fishes 
and,  still  farther  back,  the  Crossopterygians. 

Woodward  gives  this  definition  of  the  Isospoftdyli:  **Noto- 
chord  varying  in  persistence,  the  vertebral  centra  usually  com- 
plete, but  none  coalesced ;  tail  homocercal,  but  haemal  supports 
not  much  expanded  or  fused.  Symplectic  bone  present,  mandible 
simple,  each  dentary  consisting  only  of  two  elements  (dentary 
and  articulo-angular),  with  rare  rudiments  of  a  splenoid  on  the 
inner  side.  Pectoral  arch  suspended  from  the  craniiun;  pre- 
coracoid (mesocoracoid)  arch  present;  infraclavicular  plates 
wanting.  Pelvic  (ventral)  fins  abdominal.  Scales  ganoid  only 
in  the  less  specialized  families.  In  the  living  forms  air-bladder 
connected  with  the  oesophagus  in  the  adult ;  optic  nerves  decus- 
sating (without  chiasma),  and  intestine  either  wanting  spiral 
valve  or  with  an  incomplete  representative  of  it.*' 

The  Classification  of  the  Bony  Fishes. — The  classification  of 
fishes  has  been  greatly  complicated  by  the  variety  of  names 
applied  to  groups  which  are  substantially  but  not  quite  identical 
one  with  another.  The  difference  in  these  schemes  of  classi- 
fication lies  in  the  point  of  view.  In  all  cases  a  single  character 
must  be  brought  to  the  front;  such  characters  never  stand 
quite  alone,  and  to  lay  emphasis  on  another  character  is  to 
make  an  alteration  large  or  small  in  the  name  or  in  the  boimda- 
ries  of  a  class  or  order.  Thus  the  Ostariophysi  with  the  Iso^ 
spondyli,  Haplomi,  and  a  few  minor  groups  make  up  the  great 
division   of  the  Abdominalcs,     These  are   fishes  in  which   the 
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ventral  fins  are  abdominal,  that  is,  inserted  backward,  so  that 
the  pelvis  is  free  from  the  clavicle,  the  two  sets  of  limbs  being 
attached  to  different  parts  of  the  skeleton.  Most  of  the  ab- 
dominal fishes  are  also  soft-rayed  fishes,  that  is,  without  con- 
secutive spines  in  the  dorsal  and  anal  fins,  and  they  show  a  ntmiber 
of  other  archaic  peculiarities.  The  Malacopterygians  (piaXaKos, 
soft;  TcrepvSj  fin)  of  Cuvier  therefore  correspond  very  nearly 
to  the  Abdominales,  But  they  are  not  quite  the  same,  as  the 
spiny-rayed  barracudas  and  mullets  have  abdominal  ventrals, 
and  many  tmquestioned  thoracic  or  jugular  fishes,  as  the  sea- 
snails  and  brotulids,  have  lost,  through  degeneration,  all  of  their 
fin-spines. 

In  nearly  but  not  quite  all  of  the  Abdominal  fishes  the 
slender  tube  connecting  the  air-bladder  with  the  oesophagus 
persists  through  life.  This  character  defines  Miiller's  order 
of  Physostomi  {(pvaos,  bladder;  crTo/xa,  mouth),  as  opposed  to 
his  Physoclysti  {(pvaoSy  bladder;  KXeiaros,  closed),  in  which  this 
tube  is  present  in  the  embryo  or  larva  only.  Thus  the  Thoracices 
and  Jtigtilares,  or  fishes  having  the  ventrals  thoracic  or  jugular, 
together  correspond  almost  exactly  to  the  Acanthopterygians, 
{aKavda,  spine ;  TrrepvSy  fin),  or  spiny-rayed  fishes  of  Cuvier,  or  to 
the  Physoclysti  of  Muller.  The  Malacopterygians,  the  Abdomi- 
nales, and  the  Physostomi  are  in  the  same  way  practically 
identical  groups.  As  the  spiny-rayed  fishes  have  mostly  ctenoid 
scales,  and  the  soft-rayed  fishes  cycloid  scales,  the  Physostomi 
correspond  roughly  to  Agassiz's  Cycloidei,  and  the  Physoclysti 
to  his  Ctenoidci. 

But  in  none  of  these  cases  is  the  correspondence  perfectly 
exact,  and  in  anv  svstem  of  classification  we  must  choose  charac- 
ters  for  primary  divisions  so  ancient  and  therefore  so  perma- 
nent as  to  leave  no  room  for  exceptions.  The  extraordinary 
difficulty  of  doing  this,  with  the  presence  of  most  puzzling 
intergradations,  has  led  Dr.  Gill  to  suggest  that  the  great  body 
of  bony  fishes,  soft-rayed  and  spiny-rayed,  abdominal,  thoracic, 
and  jugular  alike,  be  placed  in  a  single  great  order  which  he 
calls  Telcocephali  (reAeoV,  perfect;  KecfyaXij,  head).  The  aberrant 
forms  with  defective  skull  and  membrane-bones  he  would  sepa- 
rate as  minor  offshoots  from  this  great  mass  with  the  name 
of   separate   orders.     But   while   the    divisions   of    Telcocephali 
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are  not  strongly  differentiated,  their  distinctive  characters  are 
real,  ancient,  and  important,  while  those  of  the  aberrant  groups, 
called  orders  by  Gill  (as  PU\^ogni2iht\  PeJiculati,  Hemibranchii)^ 
are  relatively  modem  and  superficial,  which  is  one  reason  why 
they  are  more  easily  defined.  There  seems  to  us  no  special 
advantage  in  the  retention  of  a  central  order  TcIeocef>!iali\ 
from  which  the  divergent  branches  are  separated  as  distinct 
orders. 

WTiile  our  knowledge  of  the  osteolog}'  and  embrj'ology  of 
most  of  the  famihes  of  fishes  is  ver\'  incomplete,  it  is  exident 
that  the  relationships  of  the  groups  cannot  be  shown  in  any 
linear  series  or  by  any  conceivable  arrangement  of  orders  and 
suborders.  The  hving  teleost  fishes  have  sprung  from  many 
lines  of  descent,  their  relationships  are  extremely  diverse,  and 
their  differences  are  of  ever\'  possible  degree  of  value.  The 
ordinary'  schemes  have  magnified  the  value  of  a  few  common 
characters,  at  the  same  time  neglecting  other  differences  of 
equal  value.  Xo  system  of  arrangement  which  throws  these 
fishes  into  large  groups  can  ever  be  definite  or  permanent. 

Relationships  of  Isospondyli. — For  our  purposes  we  may  diWde 
the  physostomous  fishes  as  imderstood  by  Muller  into  several 
orders,  the  most  primitive,  the  most  generalized,  and  economically 
the  most  important  being  the  order  of  Isosf>oftdylt\  This  order 
contains  those  bonv  fishes  which  have  the  anterior  vertebrae 
imaltered  (as  distinguished  from  the  Osiariophysi'^,  the  skull 
relatively  complete,  or  at  least  not  eel-like,  the  mesocoracoid 
typically  developed,  but  atrophied  in  deep-sea  forms  and  finally 
lost,  the  orbitosphenoid  present.  In  all  the  species  the  ventral 
fins  are  abdominal  and  normally  composed  of  more  than  six 
rays;  the  air-duct  is  developed.  The  scales  are  chiefly  cycloid 
and  the  fins  are  without  true  spines.  In  many  ways  the  order 
is  more  primitive  than  Xematoguathi,  Plcctosf>ofidyli,  or  Apodes, 
It  is  certain  that  it  began  earlier  in  geological  time  than  any 
of  these.  On  the  other  hand,  the  Isosf>ouJyli  are  closely  con- 
nected through  the  BcrycoUci  with  the  highly  sp)ecialized  fishes. 
The  continuity  of  the  natural  series  is  therefore  interrupted  by 
the  interposition  of  the  side  branches  of  Ostariophysans  and  eels 
before  considering  the  Haplomi  and  the  other  transitional  forms. 
The  forms  called  Iniomi\  which  lack  the  mesocoracoid  and  the 
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orbitosphenoid,  have  been  lately  transferred  to  the  Haplomi  by 
Boulenger.    This  arrangement  is  probably  a  step  in  advance. 

Ganoid  traits  are  present  in  certain  families  of  Isospondyli. 
Among  these  are  the  gular  plate  (found  in  Amia  and  the  EhpitUe), 
doubtless  derived  from  the  similar  structure  in  earlier  Ganoids ; 
additional  valves  in  the  arterial  bulb  in  the  cellular  air-bladder 
of  Notopterus  and  Osteoglossum,  the  spiral  intestinal  valve 
in  Chirocenirid<2,  and  the  ganoid  scales  of  the  extinct  Lepto- 
lepid<B. 

The  Clupeoidea. — The  Isospondyli  are  divisible  into  numerous 
families,  which  may  be  grouped  roughly  under  three  subdivisions, 
Clupeoidea,  the  herring-like  forms ;  the  Salmanoidea,  the  trout-like 
forms;  and  the  Iniomi,  or  lantern-fishes,  and  their  allies.  The 
last-named  group  should  probably  be  removed  from  the  order  of 
Isospondyli.  In  the  Clupeoidea,  the  allies  of  the  great  family 
of  the  herring,  the  shoulder-girdle  is  normally  developed,  retain- 
ing the  mesocoracoid  arch  on  its  inner  edge,  and  through  the 
post-temporal  is  articulated  above  with  the  cranitun.  The  hshes 
in  this  group  lack  the  adipose  fin  which  is  characteristic  of  most 
of  the  higher  or  salmon-like  families. 

The  Leptolepidfe. — Most  primitive  of  the  Isospondyli  is  the 
extinct  family  of  Leptalcpid(r,  closely  allied  to  the  Ganoid  families 
of  Pholidophorid<£  and  Oligopleurtda:.    It  is  composed  of  graceful, 


Fio.  109.— Lep(  Upie  dvhius  Bkinville.  Litliograpliic  Stone.     (After  Woodward.) 


herring-like  fishes,  with  the  bones  of  the  head  thin  but  covered 
with  enamel,  and  the  scales  thin  but  firm  and  enameled  on  their 
free  portion.  There  are  no  fulcra  and  there  is  no  lateral  line. 
The  vertebra;  are  well  developed,  but  alwaj's  pierced  by  the 
notochord.  The  genera  are  Lyccplera,  Lepiolcpis,  Atthalion, 
and    Thrissops.      In    Lycoptcra   of  the  Jurassic   of   China   the 
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vertebral  centra  are  feebly  developed,  and  the  dorsal  fin  short 
and  posterior.  In  LeptoUpis  the  anal  is  short  and  placed 
behind  the  dorsal.  There  are  many  species,  mostly  from  the 
Triassic  and  lithographic  shales  of  Europe,  one  being  foimd 
in  the  Cretaceous,  Ixptolepis  coryphanoides  and  Leptolepis 
dubiits  are  among  the  more  common  species,  jEthalion  (kttorri) 
differs  in  the  form  of  the  jaws.  In  Thrissops  the  anal  fin  is 
long  and  opposite  the  dorsal.  Thrissops  salmonea  is  found 
in  the  lithc^aphic  stone;  Thrissops  exigita  in  the  Cretaceous. 
In  all  these  early  forms  there  is  a  hard  casque  over  the  brain- 
cavity,  as  in  the  living  types,  Amia  and  Osteoglossum. 

The  Elopids. — The  family  of  Elopida  contains  large  fishes 
herring-like  in  form  and  structure,  but  having  a  flat  membrane- 


Fra.  900.  -Ten-pouDdi 


bone  or  gular  plate  between  the  branches  of  the  lower  jaw,  as 
in  the  Ganoid  genus  Amia.  The  living  species  are  few,  abound- 
ing in  the  tropical  seas,  important  for  their  size  and  numbers, 


though  not  valued  as  food-fishes  save  to  those  who,  like  the 
Hawaiians  and  Japanese,  eat  fishes  raw.     These  people  prefer 
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for  that  purpose  the  white-meated  or  soft-fleshed  forms  like 
Elops  or  Scarus  to  those  which  yield  a  better  flavor  when  cooked. 

The  ten-pounder  {Elops  saurtis),  pike-like  in  form  but  with 
very  weak  teeth,  is  found  in  tropical  America.  Elops  macknata, 
the  jackmariddle,  the  awaawa  of  the  Hawaiians,  abounding  in 
the  Pacific,  is  scarcely  if  at  all  different. 

The  tarpon,  called  also  grande  ^caille,  silver- king,  and  sabalo 
(Tarpon  atlantictts),  is  a  favorite  game-fish  along  the  coasts  of 
Florida  and  Carolina.     It  takes  the  hook  with  great  spirit,  and 


Fio.  208.— Tarpon  or  Grande   £caille,   Tarpon  atlajtticua   Cuv.   &  Val.     Florida. 


as  it  reaches  a  length  of  six  feet  or  more  it  affords  much  excite- 
ment to  the  successful  angler.  The  very  large  scales  are  much 
used  in  ornamental  work. 

A  similar  species  of  smaller  size,  also  with  the  last  ray  of 

the  dorsal  very  much  produced,  is  Mc_^a!ops  cyprinoides  of  the 
East  Indies.     Other  species  occur  in  the  South  Seas, 

Numerous  fossil  genera  related  to  Eiops  are  found  in  the 
Cretaceous  and  Tertiary  rncks.  Hclcolepis  Ichvsicnsis  (\\Tongly 
called  Osmcroides)  is  the  best -known  European  species.  Numer- 
ous species  arc  referred  to  Elopopsis.  Mcgalops  prtsca  and 
species  of  Elops  also  occur  in  the  Lcndon  Eocene. 

In  all  these  the  large  parietals  meet  along  the  median  line 
of  the  skull.  In  the  closely  related  family  of  Spaniodontida: 
the  parietals  are  small  and  do  not  meet.  Al!  the  species  of 
this  group,  united  by  Woodward  with  the  Elopidcr,  are  extinct. 
These  fishes  preceded  the  Elopida  in  the  Cretaceous  period. 
Leading  genera  are  Thrissopatcr  and  Spaniodon,  the  latter 
armed  with  large  teeth.     Spaniodon  blondeli  is  from  the  Greta- 
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ceous  of  Mount  Lebanon.  Many  other  species  are  found  in  the 
'European  and  American  Cretaceous  rocks,  but  are  known  from 
imperfect  specimens  only. 

Sardiniits,  an  American  Cretaceous  fossil  herring,  may  stand 
near  Spaniodon.  Rhucolcpis  buccalis  and  Koiclops  branta  are 
found  in  Brazil,  beautifully  preser\-ed  in  concretions  of  cal- 
careous mud  supposed  to  be  of  Cretaceous  age. 

The  extinct  family  of  Pachyrhizodoutida  is  perhaps  allied 
to  the  Elopidcr.  Xumerous  species  of  Pacliyrliizodus  are  found 
in  the  Cretaceous  of  southern  England  and  of  Kansas. 

The  Albulidse.^The  Albtdidn.  or  lady-fishes,  characterized  by 
the  blunt  and  rounded  teeth,  are  found  in  most  warm  seas. 


Fio.203-— The  Lady-fish.  Albula  rulpcx   (I.inna-usl.     norida. 

Albula  vtilpes  is  a  brilliantly  silvery  fish,  little  valued  as  food. 
The  metamorphosis  uhich  the  lava  undergoes  is  vcrv  remark- 
able. It  is  probably,  however,  mure  or  less  typical  of  the 
changes  which  take  place  with  soft-rayod  fishes  generally,  though 
more  strongly  marker!  in  Albula  and  in  certain  eels  than  in 
most  related  forms.  Fossils  allic<l  to  Albnhi,  Albula  owcnt, 
Chanoides  macropomus  arc  found  in  the  Eocene  of  Europe: 
Syniegmodus  alius  in  the  Cretaceous  of  Kansas.  In  Chanoides, 
the  most  primitive  genus,  tlie  Uelh  arc  much  fewer  ilian  in 
Albula.  Plellwdus  and  ThryptoJns.  with  ]>ecuH;ir  <lental  plates 
on  the  roof  and  floor  of  tlie  mouth,  probabiv  constitute  a  dis- 
tinct family,  Thrypiodoiilidct.  The  species  are  fuund  in  Euro- 
pean and  American  rocks,  but  are  known  from  imjxTfect  s(x>ci- 

mens  only, ~  ^    

»,  constitute  another 
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lai^,  brilliantly  silvery,  toothless  fishes,  looking  like  enormous 
dace,  swift  in  the  water,  and  very  abundant  in  the  Gulf  of 


Fio.  804  — MiJkfiah,  CKanos  chanos  (L.).     Mazatlan. 


California,  Polynesia,  and  India.  The  single  living  species  is 
the  Awa,  or  milkfish,  Chanos  ckanos,  largely  used  as  food 
in  Hawaii.  Species  of  Prochanos  and  Chanos  occur  in  the 
Cretaceous,  Eocene,  and  Miocene.  Allied  to  Chanos  is  the 
Cretaceous  genus  Ancylostylos  (gibbus),  probably  the  type  of 
a  distinct  family,  toothless  and  with  many-rayed  dorsal. 

The  Hiodontida. — The  HiodontiJw.  or  mooneyes,  inhabit  the 
rivers  of  the  central  portion  of  the  United  States  and  Canada. 


FiQ,  205  — Mooneye,  Hiodon  lergisus  Le  Sueur,     Ecoree,  Mich. 

They  are  shad-like  fishes  with  brilliantly  silvery  scales  and  very 
strong  sharp  teeth,  those  on  the  tongue  especially  long.  They  are 
very  handsome  fishes  and  take  the  hook  with  spirit,  but  the 
flesh  is  rather  tasteless  and  full  of  small  bones,  much  like  that 
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of   the  milkfish.     The  conunonest  species  is  Hiodon  tergisus. 
No  fossil  Hiodontida  are  known. 

The    Pterotbrissidc. — The    Pterothrissidts   are    sea-fishes    like 
Albiila,  but  more  slender  and  with  a  long  dorsal  fin.     They  live 


Fia.  306.— iadeuB  grandia  Agassiz.     Family  PterolhrUaida.     (After' Zittel.) 

in  deep  or  cold  waters  along  the  coasts  of  Japan,  where  they  are 
known  as  gisu.  The  single"  species  is  Pterotlirissus  gissu.  The 
fossil  genus  Isiieus,  from  the  Upper  Cretaceous,  probably  be- 
longs near  the  Pterothrissidce.     Istieus  grandis  is  the  best-known 


Cretaceous  o(  Mt.  Lsbonoa. 


species.  Another  ancient  family,  now  represented  by  a  single 
species,  is  that  of  the  CItirocenlrid/s,  of  which  the  living  type 
is  Chirocentrus  dorab,  a  long,  slender,  much  compressed  herring- 
like fish,  with  a  saw-edge  on  the  belly,  fotuid  in  the  East  Indies, 
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in  which  region  Ckirocentrus  polyodon  occurs  as  a  fossil.  Numer- 
ous fossil  genera  related  to  Ckirocentrus  are  enumerated  by 
Woodward,  most  of  them  to  be  referred  to  the  related  family 
of  IchthyodectidtE  (Saurodontida).  Of  these,  Poriheus,  Ichthyodec- 
tes,  Saurocephalus  (Saurodon),  and  Gillicus  are  represented  by 
numerous  species,  some  of  them  fishes  of  immense  size  and  great 
voracity,  Poriheus  molossus,  found  in  the  Cretaceous  of  Nebraska, 
is  remarkable  for  its  very  strong  teeth.  Species  of  other  genera 
are  represented  by  numerous  species  in  the  Cretaceous  of  both 
the  Rocky  Mountain  region  and  of  Europe. 

The    Ctenothrissidse. — A    related    family,     Ctenothrissidte,    is 
represented  solely  by  extinct  Cretaceous  species.     In  this  group 


the  body  is  robust  with  large  scales,  ctenoid  in  Ctenoihrissa, 
cycloid  in  Aidolcpis.  The  fins  are  large,  the  belly  not  serrated, 
and  the  teeth  feeble.  Ctenoihrissa  vexillifera  is  from  Mount 
Lebanon.  Other  species  occur  in  the  European  chalk.  In  the 
small  family  of  Phractolcsmid(S  the  interopercle,  according  to 
Boulengcr,  is  enormously  developed. 

The  Hotopteridfe. — The  Notopterid<s  is  another  small  family 
in  the  rivers  of  Africa  and  the  East  Indies.  The  body  ends  in 
a  long  and  tapering  fin,  and,  as  usual  in  fishes  which  swim  by 
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body  undalatkms.  the  ventral  fins  are  lost.  The  belly  is  doubly 
serrate.  The  air-bladder  is  h^hly  complex  in  structure,  being 
divided  into  se\-eral  compartments  and  lemiinating  in  two 
horns  anteriorly  and  posteriorly,  the  anterior  horns  being  in 
direct  communication  w^ith  the  audilor\-  oijran,  A  fossil  Xobyf>- 
terus,  -V.  frimsvas.  is  found  in  the  same  legii'^n. 

Tlie  Clnpeidje. — The  great  herring  family,  or  ClitfviJa;  com- 
prises fishes  with  oblong  or  herring-shaped  Kxly.  c\"cloid  scales, 
and  feeble  dentition.  Fa-im  related  families  it  is  separated 
by  the  absence  of  lateml  line  and  the  di\nsion  of  the  numllnr>' 
into  three  pieces.  In  most  of  the  genera  the  K^Uy  envls  in  a 
serrated  edge,  though  in  the  true  herring  this  is  not  \'en.-  e\"ident. 


Fig.  200  — Hemng,  Clupea  harrngua  L.     New  York. 


and  in  some  the  belly  has  a  bliuit  edge.  Some  of  the  species 
live  in  rivers,  some  ascend  from  the  sea  for  the  jiurpose  of  sixiwn- 
ing.  The  majority  are  confined  to  the  ocean.  Among  all 
the  genera,  the  one  most  abundant  in  individuals  is  that  of 
Clupea,  the  herring.  Throughout  the  North  Atlantic  are  im- 
mense schools  of  Clupea  haroigtis.  In  the  North  Pacific  on 
both  shores  another  herring,  Clitpca  pallasi,  is  equally  abundant, 
and  with  the  same  market  it  would  be  equally  vahiaMc.  As 
salted,  dried,  or  smoked  fish  the  herring  is  found  thnnighout 
the  civilized  world,  and  its  spawning  and  feeding-groimds  have 
determined  the  location  of  cities. 

The  genus  Clupea,  of  northern  distribution,  has  the  vcrtebnc 
in  increased  number  (56),  and  there  are  weak  teeth  on  the  vomer. 
Several  other  genera  are  very  closely  related,  but  ranging  farther 
south  they  have,  with  other  characters,  fewer  (46  to  50)  vcrtebnc. 
The  alewife,  or  branch-herring  {Pomolobus  pscudoharciigus), 
ascends  the  rivers  to  spawn  and  has  become  land-locked  in 
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the  lakes  of  New  York.  The  skipjack  of  the  Gulf  of  Mexico, 
Pomolobus  chrysochloHs,  becomes  very  fat  in  the  sea.  The 
species  becomes  land-locked  in  the  Ohio  River,  where  it  thrives 
as  to  numbers,  but  remains  lean  and  almost  useless  as  food.  The 
glut-herring,  Pomolobus  cesHvalis,  and  the  sprat,  Pomolobus 
sprattus,  of  Europe  are  related  forms. 

Very  near  also  to  the  herring  is  the  shad  (Alosa  sapidissima) 
of  the  eastern  coasts  of  America,  and  its  inferior  relatives,  the 


Fio.  210  — Alewife,  PomoUiyua  pseudoharengua  (Wilson).     Potomac  River. 


shad  of  the  Gulf  of  Mexico  {Alosa  alabama:),  the  Ohio  River 
shad  {Alosa  ohiensis),  very  lately  discovered,  the  Allice  shad 
{Alosa  alosa)  of  Europe,  and  the  Thwaite  shad  {Alosa  finta). 
In  the  genus  Alosa  the  check  region  is  very  deep,  giving  the 
head  a  form  different  from  that  seen  in  the  herring. 

The  American  shad  is  the  best  food-fish  in  the  family,  pecu- 
liarly delicate  in  flavor  when  broiled,  but,  to  a  greater  degree 
than  occurs  in  any  other  good  food-fish,  its  flesh  is  crowded 
with  small  bones.  The  shad  has  been  successfully  introduced 
into  the  waters  of  California,  where  it  abounds  from  Puget 
Sound  to  Point  Concepcion,  ascending  the  rivers  to  spawn  in 
May  as  in  its  native  region,  the  Atlantic  coast. 

The  genus  Sardinella  includes  species  of  rich  flesh  and  feeble 
skeleton,  excellent  when  broiled,  when  they  may  be  eaten  bones 
and  all.  This  condition  favors  their  preservation  in  oil  as 
"sardines."  All  the  species  are  alike  excellent  for  this  pur- 
pose. The  sardine  of  Europe  is  the  Sardinella  pilchardiis,  known 
in  England  as  the  pilchard.     The   "Sardina   de  EspafSa"   of 
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Cnls  is  Sardj'nrUa  psrudohis panic j.  "ihe  sardine  of  California, 
Sardtitclia  cartdca,  Sa^dinrUj  sagax  abounds  in  Chile,  and  SaT- 
dineUj  mclancslirUi  is  the  -i-cil-jed  sardine  of  Japan, 

In  the  trofncal  Pacinc  CiC^cnr  olhta  valued  spedes,  lai^ely 
belonging  to  liae  genus  Kirs'o^a.  The  gemis  HjTcngidj  contains 
small  species  Trith  ver>-  large,  firm  scsles  wbich  do  not  fall  when 
touched,  as  is  generaHv  ibe  case  -Ri-th  the  sardines.  Most 
common  of  these  is  HjTr.Cti^J  "-jrdinj  of  the  West  Indies. 
Sinnlar  s^'ecits  oc-mr  in  s'.fuibem  E-jr^'pe  and  in  Japan. 

In  CpiFUic'imnj.  ihe  thread-herring,  the  last  doreaJ  ray  is 
much  produc-ed,  as  in  the  gizzard-shad  and  the  tarpon.  TTie 
two  species  known  are  arf-jxidar.l.  '^.rut  rjf  little  ccraimercial  im- 
portance. Tff  greater  ■.■alue  are  the  menhaden,  or  the  moss- 
bunlter.  Brc'cc^ij  i-.-^ji:n;t^ .  irJia'-Titing  the  sandy  coasts  from 
New  England  southward.     It  is  a  coarse  and  bony  fish,  rarely 


231  — Meohuko.  BfT."O0TlMi  Jyronnui   T^trobe).     Wood's  Hok. 


eaten  "when  aiJt.  ahh'irjgh  the  y':rung  in  oil  makes  acceptable 
sardines.  It  is  used  chie^y  for  cril,  the  annual  >neM  exceeding 
in  value  thi^t  of  wha]ej:>i].  The  refuse  is  u&eii  as  manure,  a 
purpose  f'jr  which  the  fishes  are  often  taken  without  prepara- 
tion, being  c-arried  directly  to  the  cornfields.  From  its  abun- 
dance this  species  of  inferior  ^esh  exceeds  Ln  commercial  \-alue 
almost  aU  other  .\jnerican  fishes  excepting  the  cod,  the  herring, 
and  the  quinnat  salmon. 

One  of  the  most  complete  of  fish  biographies  is  that  of  Dr.  G, 
Brown  Goode  on  the  "  Natural  and  Economic  History  of  Men- 
haden," 

Numerous  other  herring-like  fonns,  usually  with  compressed 
bodies,  diy  and  bony  flesh,  and  serrated  bellies,  abound  in  the 


278 


Isospondyli 


tropics  and  are  largely  salted  and  dried  by  the  Chinese.  Among 
these  are  Ilisha  elongala  of  the  Chinese  coast.  Related  forms 
occur  in  Mexico  and  Brazil. 

The  round  herrings,  small  herrings  which  have  no  serrati(ms 
on  the  belly,  are  referred  by  Dr.  Gill  to  the  family  of  Dussu- 
micriidtc.  These  are  mostly  small  tropical  fishes  used  as  food 
or  bait.  One  of  these,  the  Kobini-Iwashi  of  Japan  {Stolepkonts 
japoniais),  with  a  very  bright  silver  band  on  the  side,  has  con- 
siderable conunercial  importance.  Very  small  herrings  of  this 
tyiH'  in  the  West  IniUcs  constitute  the  genus  Jenkinsia,  named 
for  lir.  tlliver  P.  Jenkins,  the  first  to  study  seriously  the  fishes 
of  Hawaii.  Other  species  constitute  the  widely  distributed 
genera  Etriimctts  and  Ditssumieria.  Etrutneus  sardina  is  the 
n>und  horrinn  of  the  Virginia  coast,  Etrumeus  microptts  is 
the  Etnmioi-lwashi  of  Jajxin  and  Hawaii. 

Fossil  herring  are  plentiful  and  exist  in  considerable  variety, 
oven  among  the  ClupciJic  as  at  present  restricted,     Histiotlirissa 


Kill.  313.— A  f,K«il  Hi'rriiis.  (>:  rV,—i,is.';<.-'  •-■.■■;  ,■..<  l.oulv        Krvnii  s  speoimm obtaui«d 
H<   l![>vn   Kiver   W>\\^     Tho  »ouI«   .il.'iii;   tho   t>aok   ktst   in   the  specimen. 

oi  i:;i'  CroUKWus  skvms  to  Ix'  all-ov!  tv>  .'^.■(.■'.■i-:iH::<Yij  and 
^r.vT'";.''.!-'.  ,\r.o:V.or  i:o:v,:?.  tr«i::i  tV.o  Cre:>\ooi".:s  o:  Palestine. 
:'.•.<•.<,:, \V".v    ,>■■.■•;,;,-.■;.■.-.   0:0  \    ::.ivv.-.j;   :\v:-r,.i:(.v.   Sv\i'os,    should 

;:•,   *,V.o   K.wno   s;u'os   .■:   virxv:',    Kvvor,    \V\    -.v.-.r.i;.     Sivcie?   o: 
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figured.  Numerous  herring,  referred  to  Clnpea,  but  belonging 
rather  to  Pomolobtis,  or  other  non-Arctic  genera,  have  been 
described  from  the  Eocene  and  later  rocks. 

Several  American  fossil  herring-like  fishes,  of  the  genus 
Leptosomus,  as  Leptosomus  percrassus,  are  found  in  the  Cretaceous 
of  South  Dakota 

Fossil  species  doubtfully  referred  to  Dorosoma,  but  perhaps 
allied  rather  to  the  thread-herring  {Opisthonema),  being  herrings 
with  a  prolonged  dorsal  ray,  are  recorded  from  the  early  Ter- 
tiary of  Europe.  Among  these  is  Opisthonema  doljeanum  from 
Austria. 

The  Dorosomatidte.  —  The  gizzard-shad,  Dorosomatid<B,  are 
closely  related  to  the  ClupeicUe,  differing  in  the  small  contracted 
toothless  mouth  and  reduced  maxillary.  The  species  are  deep- 
bodied,  shad-like  fishes  of  the  rivers  and  estuaries  of  eastern 
America  and  eastern  Asia.  They  feed  on  mud,  and  the  stomach 
is  thickened  and  muscular  like  that  of  a  fowl.  As  the  stomach 
has  the  size  and  form  of  a  hickory-nut,  the  common  American 


FlO.  218. — Hickoiy-shad,  Dorosoma 


species  is  often  called  hickory-shad.  The  gizzard-shad  are  all 
very  poor  food-fish,  bony  and  little  valued,  the  flesh  full  of 
small  bones.  The  belly  is  always  serrated.  In  three  of  the 
four  genera  of  Dorosomaiida;  the  last  dorsal  ray  is  much  produced 
and  whip-like.  The  long  and  slender  gill-rakers  serve  as  strainers 
.  for  the  mud  in  which  these  fishes  find  their  vegetable  and  ani- 
j  cepedianum,  the  common  hickory-shad  or 
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gizzard-shad,  is  found  in  brackish  river-mouths  and  ponds  from 
Long  Island  to  Texas,  and  throughout  the  Mississippi  Valley 
in  all  the  large  rivers.  Through  the  canals  it  has  entered  Lake 
Michigan.  The  Konoshiro,  Clupanodon  ibrissa,  is  equally  com- 
mon in  China  and  Japan, 

The  Engraulididse.^The  anchovies  {EngraiiUdida:)  are  dwarf 
herrings  with  the  snout  projecting  beyond  the  very  wide  mouth. 
They  are  small  in  size  and  weak  in  muscle,  found  in  all  warm 
seas,  and  making  a  large  part  of  the  food  of  the  larger  fish. 
The  genus  Engratilis  includes  the  anchovy  of  Europe,  Eugraulis 
encrasicholiis,  with  similar  species  in  California,  Chile,  Japan, 
and  Australia.  In  this  £enus  the  vertebrx  are  numerous,  the 
bones  feeble,  and  the  flesh  tender  and  oily.  The  species  of 
Eugraulis  are  preser\'ed  in  oil,  often  with  spices,  or  are  made 
into  fish-paste,  which  is  valuerl  as  a  relish.  The  genus  Anchovia 
replaces  Eugraulis  in  the  tropics.     The  vertebnE  are  fewerj  the 


Fig,   214.— a  Silver  Mcliovy,  Anchoria    perthcra/a    (Gootlc   it    Bean).       Tampa. 


bones  firm  and  stiff,  and  the  flesh  fjencrally  dry.  Except  as 
food  for  larger  fish,  these  have  little  value,  although  existing 
in  immense  schools.  Most  of  the  species  have  a  bright  silvery 
band  along  the  side.  The  mi>st  familiar  of  the  verv  niuiierous 
species  is  the  silver  anchovy,  Aiichoi'ia  browiii,  which  abounds 
in  sandy  bays  from  Cape  Cod  to  Brazil.  Several  other  genera 
occur  farther  southward,  as  well  as  in  Asia,  but  Eugraulis  only 
is  found  in  Europe.  Fossil  ancliovies  called  Eugraulis  are 
recorded  from  the  Tertiary  of  Europe. 

Gonorhynchidffi. — To  the  /."W'^/'i.uiJv// belongs  the  small  primi- 
tive family  of  GouorhyuchiJLC,  elongate  fishes  with  small  mouth, 
feeble  teeth,  no  air-bladder,  small  scales  of  peculiar  structure 
covering  the  head,  weak  dentition,  the  dorsal  fin  small,  and 


282  Isospondyli 

posterior  without  spines.  The  mesocoracoid  is  present  as  in 
ordinary  Isospoitdyli.  Go^wrhynchus  abbreviatus  occurs  in 
Japan,  and  Gonorhynchus  gonorhy^ichus  is  found  in  Australia  and 
about  the  Cape  of  Good  Hope.  Numerous  fossil  species  occur. 
Charitosofnus  lineolatus  and  other  species  are  found  in  the  Cre- 
taceous of  Mount  Lebanon  and  elsewhere.  Species  without 
teeth  from  the  Oligocene  of  Europe  and  America  are  referred 
to  the  genus  Notogoneus,  Notogoneus  oscultis  occurs  in  the 
Eocene  fresh-water  deposits  at  Green  River,  Wyoming.  It 
bears  a  very  strong  resemblance  in  form  to  an  ordinary  sucker 
(patostomus),  for  which  reason  it  was  once  described  by  the 
name  of  Protocatostomus.  The  living  Gonorhynchidce  are  all 
strictly  marine. 

In  the  small  family  of  CromeriidcB  the  head  and  body  are  naked. 

The  Osteoglossito. — Still  less  closely  related  to  the  herring 
is  the  family  of  Osteoglossidco,  huge  pike-Uke  fishes  of  the  tropical 
rivers,  armed  with  hard  bony  scales  formed  of  pieces  like  mosaic. 
The  largest  of  all  fresh-water  fishes  is  Arapaima  gigas  of  the 
Amazon  region,  which  reaches  a  length  of  fifteen  feet  and  a 
weight  of  400  poimds.  It  has  naturally  considerable  commer- 
cial importance,  as  have  species  of  Osteoglossunt,  coarse  river- 
fishes  which  occur  in  Brazil,  Egypt,  and  the  East  Indies. 
Heterotis  nilotica  is  a  large  fish  of  the  Nile.  In  some  or  all 
of  these  the  air-bladder  is  cellular  or  Itmg-like,  like  that  of  a 
Ganoid. 

Allied  to  the  Osteoglossidce  is  Pliareodus  (Dapedoglossus), 
a  group  of  large  shad-like  fossil  fishes,  with  large  scales  of 
peculiar  mosaic  texture  and  with  a  bony  casque  on  the  head, 
found  in  fresh-water  deposits  of  the  Green  River  Eocene.  In 
the  perfect  specimens  of  Pliareodus  (or  Dapedoglossus)  testis  the 
first  ray  of  the  pectoral  is  much  enlarged  and  serrated  on  its 
inner  edge,  a  character  which  may  separate  these  fishes  as  a 
family  from  the  true  Osteoglossidco.  It  does  not,  however, 
appear  in  Cope's  figures,  none  of  his  specimens  having  the 
pectorals  perfect.  In  these  fishes  the  teeth  are  very  strong 
and  sharp,  the  scales  are  very  large  and  thin,  looking  like  the 
scales  of  a  parrot-fish,  the  long  dorsal  is  opposite  to  the  anal 
and  similar  to  it,  and  the  caudal  is  truncate.  The  end  of  the 
vertebral  colimm  is  turned  upward. 
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Other  species  are  Phareodus  aciitiis,  loio^vii  from  the  jaws; 
P.  cHcausttis  is  know-n  from  a  mass  of  thick  scales  with  retic- 
ulate or  mosaic-like  surface,  much  as  in  Osteogbssnm,  and 
P.    aqitipcnnis    from    a    small    example,    perhaps    immature. 


Fig.  2\<i  —Phartodu*  Unlu  i('oi>o).  From  a  specimen  20  inches  lonit  collected  «t 
Foaail.  ^^vo..  in  (hp  Museum  of  the  I'niv,  of  Wyoming.  (Pbotogrsnb  by 
I'rof.  WilUr  C    KniRht.) 

Phareodus  testis  is  frequently  found  well  preserved  in  the  shales 
at  Fossil  Station,  to  the  northwestward  of  Green  River, 
Whether  all  these  species  possess  the  peculiar  structure  of  the 
scales,  and  whether  all  belong  to  one  genus,  is  uncertain. 

In  Eocene  shales  of  England  occurs  lirychtctus  mucUeri,  a 
'  species  closely  related  to  Phareodus,  but  the  scales  smaller  and 
without  the  characteristic  reticulate  or  mosaic  structure  seen 
in  Phareodus  encaiistus. 

The  Pantodontid«. — The  bony  casque  of  Ostcoglossum  is 
found  again  in  the  Pantodonlida,  consisting  of  one  species, 
Pantodon  huchholzi,  a  small  fish  of  the  brooks  of  West  Africa. 
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As  in  the  Osteoglossida  and  in  the  Silurida,  the  subopercle  is 
wanting  in  Pantodon. 

The  AlepocephalidtE  are  deep-sea  herring-Uke  fishes  very 
soft  in  texture  and  black  in  color,  taken  in  the  oceanic  abysses. 
Some  species  may  be  foimd  in  ahnost  all  sezis  below  the  depth 


Fia.  217.— XfepocepAoAu  agaatitii  Qoode  &  B«an.    Gulf  Stream. 


of  half  a  mile.  Alepocepkalus  rostratus  of  the  Mediterranean 
has  been  long  known,  but  most  of  the  other  genera,  Talis- 
mania,  Mitchillina,  Conocara,  etc.,  are  of  very  recent  discovery, 
having  been  brought  to  the  surface  by  the  deep-sea  dredging 
of  the  Challenger,  the  Albatross,  the  Blake,  the  Travailleur, 
the  Talisman,  the  Investigator,  the  Hirondelle,  and  the  Vio- 
lante. 


CHAPTER  XX 

SALMONIDiE 

HE  Salmon  Family. — The  series  or  suborder  Salmonoidea, 
or  allies  of  the  salmon  and  trout,  are  characterized  as  a 
whole  by  the  presence  of  the  adipose  fin,  a  struc- 
ttire  also  retained  in  Characins  and  catfishes,  which  have  no 
evident  affinity  with  the  trout,  and  in  the  lantern-fishes,  lizard- 
fishes,  and  trout-perches,  in  which  the  affinity  is  very  remote. 
Probably  these  groups  all  have  a  common  descent  from  some 
primitive  fish  having  an  adipose  fin,  or  at  least  a  fleshy  fold  on 
the  back. 

Of  all  the  families  of  fishes,  the  one  most  interesting  from 
almost  every  point  of  view  is  that  of  the  SalmonidcBy  the  salmon 
family.  As  now  restricted,  it  is  not  one  of  the  largest  families, 
as  it  comprises  less  than  a  hundred  species;  but  in  beauty, 
activity,  gaminess,  quality  as  food,  and  even  in  size  of  indi- 
viduals, different  members  of  the  group  stand  easily  with  the 
first  among  fishes.  The  following  are  the  chief  external  charac- 
teristics which  are  common  to  the  members  of  the  family : 

Body  oblong  or  moderately  elongate,  covered  with  cycloid,  in 
scales  of  varying  size.  Head  naked.  Mouth  terminal  or  some- 
what inferior,  varying  considerably  among  the  different  species, 
those  having  the  mouth  largest  usually  having  also  the  strongest 
teeth.  Maxillary  provided  with  a  supplemental  bone,  and 
forming  the  lateral  margin  of  the  upper  jaw.  Pseudobranchiae 
present.  Gill-rakers  varying  with  the  species.  Opercula  com- 
plete. No  barbels.  Dorsal  fin  of  moderate  length,  placed 
near  the  middle  of  the  length  of  the  body.  Adipose  fin  well 
developed.  Caudal  fin  forked.  Anal  fin  moderate  or  rather 
long.  Ventral  fins  nearly  median  in  position.  Pectoral  fins 
inserted  low.     Lateral  line  present.     Outline  of  belly  rounded. 

Vertebrae  in  large  number,  usually  about  sixty. 
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The  stomach  in  all  the  SalmonidcB  is  siphonal,  and  at  the 
pylorus  are  many  (15  to  200)  comparatively  large  pyloric  coeca. 
The  air-bladder  is  large.  The  eggs  are  usually  much  larger 
than  in  fishes  generally,  and  the  ovaries  are  without  special 
duct,  the  ova  falling  into  the  cavity  of  the  abdomen  before 
exclusion.  The  large  size  of  the  eggs,  their  lack  of  adhesive- 
ness, and  the  readiness  with  which  they  may  be  impregnated, 
render  the  Salmonidce  peculiarly  adapted  for  artificial  culture. 

The  Salmonidw  are  peculiar  to  the  north  temperate  and 
Arctic  regions,  and  within  this  range  they  are  almost  equally 
abundant  wherever  suitable  waters  occur.  Some  of  the  species, 
especially  the  larger  ones,  are  marine  and  anadromeus,  living 
and  growing  in  the  sea,  and  ascending  fresh  waters  to  spawn. 
Still  others  live  in  running  brooks,  entering  lakes  or  the  sea 
when  occasion  serves,  but  not  habitually  doing  so.  Still  others 
are  lake  fishes,  approaching  the  shore  or  entering  brooks  in 
the  spawTiing  season,  at  other  times  retiring  to  waters  of  con- 
siderable depth.  Some  of  them  are  active,  voracious,  and 
gamy,  while  others  are  comparatively  defenseless  and  will  not 
take  the  hook.  They  are  divisible  into  ten  easily  recognized 
genera:  Corcgonus,  Argyrosomiis,  Brachymystax,  Stated  us,  On- 
corhynchus,  Salmo,  Hncho,  Cristivomcr,  Salvdinus,  and  Pleco- 
glosstis. 

Fragments  of  fossil  trout,  very  imperfectly  known,  are  re- 
conietl  chiefly  from  PloistcxxMie  dopx^sits  of  Idaho,  imder  the 
name  of  Rh^jbdofario  Licustn's.  We  have  also  received  from 
Pr.  John  C.  Morriam,  from  forruvrinous  sands  of  t!ie  siime  region, 
several  fragments  of  jaws  of  s;ilnion,  in  the  liook-nosed  condition, 
with  onlargovl  tot^^th.  showing:  that  ih.o  present  s.ilmon-nms  have 
been  in  operation  for  many  ihvHis;uuis  of  yo.irs.  Most  other 
fragments  hitherto  referred  to  S^:!n:<^t::\\c  belong  to  some  other 
kind  of  tish. 

Coregonus,  the  Whitefish. —  The  i:onus  «.\"'vcv  »;:c.n\  which  in- 
cludes the  various  sixvios  knvnvn  in  An\orivM  *is  Like  whitefish, 
is  distinguishable  in  general  by  tV.o  sn\ill  si.*o  .^t  its  ir.outh,  the 
weakness  of  its  le^nh.  and  tl;o  lari:o  si/o  v^f  its  soalos.  The  teeth, 
esixvially,  are  either  nvhuvvi  tv^  slii^Iu  astx^ritios,  or  else  are 
altogether  waiiting.  Tl\o  sjxvies  t\\io:\  .*  lotti:t:^.  v^t  v^r.e  to  three 
feet.     With    soaavly    an    exvvptiv^r.    tV.oy    i:\!tabit    clear   Likes. 
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and  rarely  enter  streams  except  to  spawn.  In  far  northern 
regions  they  often  descend  to  the  sea;  but  in  the  latitude  of  the 
United  States  this  is  never  possible  for  them,  as  they  are  unable 
to  endure  warm  or  impure  water.  They  seldom  take  the  hook, 
and  rarely  feed  on  other  fishes.  Niunerous  local  varieties  char- 
acterize the  lakes  of  Scandinavia,  Scotland,  and  Arctic  Asia 
and  America.  Largest  and  most  desirable  of  all  these  as  a 
food-fish  is  the  common  whitefish  of  the  Great  Lakes  (Coregonus 
clitpeiformis),  with  its  allies  or  variants  in  the  Mackenzie  and 
Yukon. 

The  species  of  Coregonus  di^er  from  each  other  in  the  form 
and  size  of  the  mouth,  in  the  form  of  the  body,  and  in  the  de- 
velopment of  the  gill-rakers. 

Coregonus  oxyrhynchtis — the  Schndbel  of  Holland,  Germany, 
and  Scandinavia — has  the  mouth  very  small,  the  sharp  snout 
projecting  far  beyond  it.  No  species  similar  to  this  is  found 
in  America. 

The  Rocky  Mountain  whitefish  {Coregonus  mlliatnsoni)  has 
also  a  small  mouth  and  projecting  snout,  but  the  latter  is  blunter 


Flo  S18  —Rocky  Mountain  Whitefish,  Congonut  wiUiamtoni  Ginrd. 

and  much  shorter  than  in  C.  oxyrhynchus.  This  is  a  small 
species  abounding  everywhere  in  the  clear  lakes  and  streams  of 
the  Rocky  Mountains  and  the  Sierra  Nevada,  from  Colorado  to 
Vancouver  Island.  It  is  a  handsome  fish  and  excellent  as  food. 
Closely  allied  to  Coregonus  wiUiamsoni  is  the  pilot-fish, 
shad-waiter,  roundfish,  or  Menomonee  whitefish  (Coregonus 
qtiadrilaieralis).  This  species  is  found  in  the  Great  Lakes,  the 
Adirondack  region,  the  lakes  of  New  Hampshire,  and  thence 
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northwestward  to  the  Yukon,  abounding  in  cold  deep  waters,  its 
range  apparently  nowhere  coinciding  with  that  of  Coregonus 
mlliamsoni. 

The  common  whitefish  {Coregonus  clupeiformis)  is  the  largest 
in  size  of  the  species  of  Coregonus,  and  is  unquestionably  the 
finest  as  an  article  of  food.  It  varies  considerably  in  appear- 
ance with  age  and  condition,  but  in  general  it  is  proportionately 
much  deeper  than  any  of  the  other  small-mouthed  Coregoni. 
The  adult  fishes  develop  a  considerable  fleshy  hump  at  the 


Fro.  219  —Whitefish,  Coregonw  dvpeifannis  Mitchill.     Ecorse,  Mich. 


shoulders,  which  causes  the  head,  which  is  very  small,  to  appear 
disproportionately  so.  The  whitefish  spa\vns  in  November 
and  December,  on  rocky  shoals  in  the  Great  Lakes.  Its  food 
was  ascertained  by  Dr.  P.  R.  Hoy  to  consist  chiefly  of  deep- 
water  crustaceans,  with  a  few  mollusks,  and  larvse  of  water 
insects.  "The  whitefish,"  writes  Mr.  James  W.  Milner,  "has 
been  known  since  the  time  of  the  earliest  explorers  as  pre- 
eminently a  fine-flavored  fish.  In  fact  there  are  few  table- 
fishes  its  equal.  To  be  appreciated  in  its  fullest  excellence  it 
should  be  taken  fresh  from  the  lake  and  broiled.  Father  Mar- 
quette, Charlevoix,  Sir  John  Richardson — explorers  who  for 
months  at  a  time  had  to  depend  upon  the  whitefish  for  their 
staple  article  of  food — bore  testimony  to  the  fact  that  they  never 
lost  their  relish  for  it,  and  deemed  it  a  special  excellence  that 
the  appetite  never  became  cloyed  with  it."  The  range  of  the 
whitefish  extends  from  the  lakes  of  New  York  and  New  England 
northward  to  the  Arctic  Circle.     The  "Otsego  bass"  of  Otsego 
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Lake  in  New  York,  celebrated  by  De  Witt  Clinton,  is  a  local 
form  of  the  ordinary  whitefish. 

Allied  to  the  American  whitefish,  but  smaller  in  size,  is  the 
Lavaret,  Weissfisch,  Adelfisch,  or  Weissfelchen  (Coregonus 
lavaretus),  of  the  mountain  lakes  of  Switzeriand,  Germany,  and 
Sweden.  Coregonus  kennicotti,  the  muksim,  and  Coregonus  nelsoni^ 
the  humpback  whitefish,  are  foimd  in  northern  Alaska  and  in  the 
Yukon.  Several  other  related  species  occur  in  northern  Europe 
and  Siberia. 

Another  American  species  is  the  Sault  whitefish,  Lake  Whiting 
or  Musquaw  River  whitefish  {Coregonus  labradoricus) ,  Its 
teeth  are  stronger,  especially  on  the  tongue,  than  in  any  of  otir 
other  species,  and  its  body  is  slenderer  than  that  of  the  whitefish. 
It  is  foimd  in  the  upper  Great  Lakes,  in  the  Adirondack  region, 
in  Lake  Winnipeseogee,  and  in  the  lakes  of  Maine  and  New 
Bnmswick.  It  is  said  to  rise  to  the  fly  in  the  Canadian  lakes. 
This  species  runs  up  the  St.  Mary's  River,  from  Lake  Huron  to 
Lake  Superior,  in  July  and  August.  Great  numbers  are  snared 
or  speared  by  the  Indians  at  this  season  at  the  Sault  Ste.  Marie. 

In  the  breeding  season  the  scales  are  sometimes  thickened 
or  covered  with  small  warts,  as  in  the  male  Cyprinidce. 

ArgyrosomuSy  the  Lake  Herring. — In  the  genus  Argyrosomus 
the  mouth  is  larger,  the  premaxillary  not  set  vertical,  but  ex- 
tending forward  on  its  lower  edge,  and  the  body  is  more  elongate 
and  more  evenly  elliptical.  The  species  are  more  active  and 
predaceous  than  those  of  Coregonus  and  are,  on  the  whole,  in- 
ferior as  food. 

The  smallest  and  handsomest  of  the  American  whitefish 
is  the  Cisco  of  Lake  Michigan  (Argyrosomus  hoyi).  It  is  a 
slender  fish,  rarely  exceeding  ten  inches  in  length,  and  its  scales 
have  the  brilliant  silvery  luster  of  the  mooneye  and  the  lady- 
fish. 

The  lake  herring,  or  cisco  {Argyrosomus  artedi),  is,  next  to 
the  whitefish,  the  most  important  of  the  American  species.  It 
is  more  elongate  than  the  others,  and  has  a  comparatively  large 
mouth,  with  projecting  imder-jaw.  It  is  correspondingly  more 
voracious,  and  often  takes  the  hook.  During  the  spawning 
season  of  the  whitefish  the  lake  herring  feeds  on  the  ova  of  the 
latter,  thereby  doing  a  great  amoimt  of  mischief.      As  food 
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this  species  is  fair,  but  much  inferior  to  the  whitefish.  Its 
geographical  distribution  is  essentially  the  same,  but  to  a  greater 
degree  it  frequents  shoal  waters.  In  the  small  lakes  around 
Lake  Michigan,  in  Indiana  and  Wisconsin  (Tippecanoe,  Geneva, 
Oconomowoc,  etc.),  the  cisco  has  long  been  established;  and 
in  these  waters  its  habits  have  undergone  some  change,  as  has 
also  its  external  appearance.  It  has  been  recorded  as  a  distinct 
species,  Argyrosomiis  sisco,  and  its  excellence  as  a  game-fish  has 
been  long  appreciated  by  the  angler.  These  lake  ciscoes  remain 
for  most  of  the  year  in  the  depths  of  the  lake,  coming  to  the 
surface  only  in  search  of  certain  insects,  and  to  shallow  water 
only  in  the  spawning  season.  This  periodical  disappearance 
of  the  Cisco  has  led  to  much  foolish  discussion  as  to  the  proba- 
bility of  their  returning  by  an  underground  passage  to  Lake 


Fin.  220  — Blucdn  Cisco,  Argiirosoinux  nigripinms  Gill.     Sheboygan. 

Michigan  during  the  periods  of  their  absence.  One  author,  con- 
founding "cisco"  with  "siscowet,"  has  assumed  that  this  under- 
ground passage  leads  to  Lake  Superior,  and  that  the  cisco  is 
identical  i.vith  the  fat  lake  trout  which  bears  the  latter  name. 
The  name  "lake  herring"  alludes  to  the  superficial  resemblance 
which  this  species  possesses  to  the  marine  herring,  a  fish  of  quite 
a  different  family. 

Closely  allied  to  the  lake  herring  is  the  bluefin  of  Lake  Michi- 
gan and  of  certain  lakes  in  New  York  (Argyrosomiis  nigripinnis) , 
a  fine  large  species  inhabiting  deep  waters,  and  recognizable 
by  the  blue-black  color  of  its  lower  fins.  In  the  lakes  of  central 
New  York  are  found  two  other  species,  the  so-called  lake  smelt 
{Argyrosomus    ostneriformis)    and    the    long-jaw     (Argyrosomus 
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prognathus).  Argyrosomus  lucidus  is  abundant  in  Great  Bear 
Lake.  In  Alaska  and  Siberia  are  still  other  species  of  the  cisco 
type  {Argyrosomus  laurettce,  A.  pusillus,  A.  alascanus) ;  and  in 
Europe  very  similar  species  are  the  Scotch  vendace  (Argyrosontus 
vandesius)  and  the  Scandinavian  Lok-Sild  (lake  herring),  as 
well  as  others  less  perfectly  known. 

The  Tullibee,  or  "mongrel  whitefish  "  (Argyrosomus  lullibee), 
has  a  deep  body,  like  the  shad,  with  the  lai^e  mouth  of  the 
ciscoes.  It  is  found  in  the  Great  Lake  region  and  northward, 
and  very  little  is  known  of  its  habits.  A  similar  species  (Argy- 
rosomus  cyprinoides)  is  recorded  from  Siberia — a  region  which 
is  peculiarly  suited  for  the  growth  of  the  Coregoni,  but  in  which 
the  species  have  never  received  much  study. 

Bracbymystax  and  Stenodus,  the  Inconnus. — ^Another  little- 
known  form,  intermediate  between  the  whitefish  and  the  salmon. 


Fig.  321. — Inconnu,  Slenodiu  mackenziei  (Richardson).     Nulato,  Alaska. 


is  Brachymystax  lenock,  a  large  fish  of  the  mountain  streams  of 
Siberia.  Only  the  skins  brought  home  by  Pallas  a  century  ago 
are  yet  known.  According  to  Pallas,  it  sometimes  reaches  a 
weight  of  eighty  pounds. 

Still  another  genus,  intermediate  between  the  whitefish  and 
the  salmon,  is  Stenodus,  distinguished  by  its  elongate  body, 
feeble  teeth,  and  projecting  lower  jaw.  The  Inconnu,  or  Mac- 
kenzie River  salmon,  known  on  the  Yukon  as  "charr"  {Stenodus 
mackenziei),  belongs  to  this  genus.  It  reaches  a  we^ht  of  twenty 
pounds  or  more,  and  in  the  far  north  is  a  food-fish  of  good 
quality.  It  runs  in  the  Yukon  as  far  as  White  Horse  Rapids. 
Not  much  is  recorded  of  its  habits,  and  few  specimens  exist  in 
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museums.  A  species  of  Stenodus  called  Stenodiis  leucichihys 
inhabits  the  Volga,  Obi,  Lena,  and  other  northern  rivers;  but 
as  yet  little  is  definitely  known  of  the  species. 

OncorhynchuSy  the  Quinnat  Salmon. — The  genus  Oncorhyn- 
chiis  contains  the  salmon  of  the  Pacific.  They  are  in  fact, 
as  well  as  in  name,  the  king  salmon.  The  genus  is  closely 
related  to  Salmo,  with  which  it  agrees  in  general  as  to  the 
structure  of  its  vomer,  and  from  which  it  differs  in  the  increased 
number  of  anal  rays,  branchiostegals,  pyloric  cceca,  and  gill- 
rakers.  The  character  most  convenient  for  distinguishing 
Oncorhynchus,  young  or  old,  from  all  the  species  of  Salmo,  is 
the  ntimber  of  developed  rays  in  the  anal  fin.  These  in  Onco- 
rhynchus  are  thirteen  to  twenty,  in  Salmo  nine  to  twelve. 

The  species  of  Oncorhyyichiis  have  long  been  known  as  anad- 
romous  salmon,  confined  to  the  North  Pacific.  The  species  were 
first  made  known  nearly  one  hundred  and  fifty  years  ago  by  that 
most  exact  of  early  observers,  Steller,  who,  almost  simultaneously 
with  Krascheninnikov,  another  early  investigator,  described  and 
distinguished  them  with  perfect  accuracy  under  their  Russian 
vernacular  names.  These  Russian  names  were,  in  1792,  adopted 
by  Walbaum  as  specific  names  in  giving  to  these  animals  a 
scientific  nomenclature.  Five  species  of  Oncorhynchtis  are  well 
known  on  both  shores  of  the  North  Pacific,  besides  one  other 
in  Japan.  These  have  been  greatly  misunderstood  by  early 
observers  on  account  of  the  extraordinary  changes  due  to  differ- 
ences in  surroundings,  in  sex,  and  in  age,  and  in  conditions  con- 
nected with  the  process  of  reproduction. 

There  are  five  species  of  salmon  {Oncorhynchus)  in  the  waters 
of  the  North  Pacific,  all  found  on  both  sides,  besides  one  other 
which  is  known  only  from  the  waters  of  Japan.  These  species 
may  be  called:  (1)  the  quinnat,  or  king-salmon,  (2)  the  blue- 
back  salmon,  or  redfish,  (3)  the  silver  salmon,  (4)  the  dog- 
salmon,  (5)  the  humpback  salmon,  and  (6)  the  masu;  or  (i) 
Oncorhynchus  ischawytscha,  (2)  Oncorhynchus  nerka,  (3)  Onco- 
rhynchus  milktschitsch,  (4)  Oncorhynchus  keta,  (5)  Oncorhynchus 
gorbusclia,  (6)  Oncorhynchus  masou.  All  these  species  save  the 
last  are  now  known  to  occiu*  in  the  waters  of  Kamchatka,  as 
well  as  in  those  of  Alaska  and  Oregon.  These  species,  in  all 
their  varied  conditions,  may  usually  be  distinguished  by  the 


Salmonidx  '  293 

characters  given  below.  Other  differences  of  form,  color,  and 
appearance  are  absolutely  valueless  for  distinction,  unless  speci- 
mens of  the  same  age,  sex,  and  condition  are  compared. 

The  quinnat  salmon  {Oncorhynchus  tschawytscha)*  called 
quinnat,  tyee,  chinook,  or  king-salmon,  has  an  average  weight 
of  22  pounds,  but  individuals  weighing  70  to  100  pounds  are 
occasionally  taken.  It  has  about  16  anal  rays,  15  to  19  branchi- 
ostegals,  23  (9  +  14)  gill-rakers  on  the  anterior  gill-arch,  and 
140  to  185  pyloric  coeca.  The  scales  are  comparatively  large, 
there  being  from  130  to  155  in  a  longitudinal  series.  In  the 
spring  the  body  is  silvery,  the  back,  dorsal  fin,  and  caudal  fin 
having  more  or  less  of  round  black  spots,  and  the  sides  of  the  ■ 
head  having  a  peculiar  tin-colored  metallic  luster.     In  the  fall 


the  color  is  often  black  or  dirty  red,  and  the  species  can  then 
be  distinguished  from  the  dog-salmon  by  its  larger  size  and  by 
its  technical  characters.  The  flesh  is  rich  and  salmon-red, 
becoming  suddenly  pale  as  the  spawning  season  draws  near. 

The  blue-back  salmon  {Oncorhynchus  nerka),'\  also  called 
red  salmon,  sukkegh,  or  sockeye,  usually  weighs  from  5  to  8 
pounds.     It  has  about  14  developed  anal  rays,  14  branchioste- 

*  For  valuable  accounts  of  the  habits  ot  this  species  the  reader  is  referred 
to  papers  by  the  late  Cloudsley  Rutter,  ichthyoloRist  ot  the  Albatross, 
in  the  publications  of  the  United  States  Fish  Commission,  the  Popular 
Science  Monthly,  and  the  Overland  Monthly. 

t  For  valuable  records  ot  the  natural  history  of  this  species  the  reader 
is  referred  to  various  papers  by  Dr.  Barton  Warren  Evermann  in  the  Bulletins 
ot  the  United  States  Fish  Commission  and  elsewhere. 
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gals,  and  75  to  95  pyloric  cceca.     The  gill-rakers  are  more  numer- 
ous than  in  any  other  salmon,  the  number  being  usually  about 


39  C16-I-23),  The  scales  are  larger,  there  being  130  to  140  in 
the  lateral  line.  In  the  spring  the  form  is  plumply  rounded, 
and  the  color  is  a  clear  bright  blue  above,  silvery  below,  and 
every%vhere  immaculate.  Young  fishes  often  show  a  few  round 
black  spots,  which  disappear  when  they  enter  the  sea.  Fall 
specimens  in  the  lakes  are  bright  crimson  in  color,  the  head  clear 
olive-green,  and  they  become  in  a  high  degree  hook-nosed  and 
slab-sided,  and  bear  little  resemblance  to  the  spring  run.  Young 
spawning  male  grilse  follow  the  changes  which  take  place  in  the 
adult,  although  often  not  more  than  half  a  pound  in  weight. 


!  tierka   (Walbaum). 


These  little  fishes  often  appear  in  mountain  lakes,  but  whether 
they  are  landlocked  or  have  come  up  from  the  sea  is  still  im- 
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settled.  These  dwarf  forms,  called  kokos  by  the  Indians  and 
benimasu  in  Japan,  form  the  subspecies  Oftcorhynchus  nerka 
kennerlyi.  The  flesh  in  this  species  is  firmer  than  that  of  any 
other  and  very  red,  of  good  flavor,  though  drier  and  less  rich 
than  the  king-salmon. 

The  silver  salmon,  or  coho  {Oncorhyytchus  milktschitsch^  or 
kisiUch),  reaches  a  weight  of  5  to  8  pounds.  It  has  13  devel- 
oped rays  in  the  anal,  13  branchiostegals,  23  (10  +  13)  gill-rakers, 
and  45  to  80  pyloric  cceca.  There  are  about  127  scales  in  the 
lateral  line.  The  scales  are  thin  and  all  except  those  of  the 
lateral  line  readily  fall  off.  This  feature  distinguishes  the  species 
readily  from  the  red  salmon.  In  color  it  is  silvery  in  spring, 
greenish  above,  and  with  a  few  faint  black  spots  on  the  upper 
parts  only.  In  the  fall  the  males  are  mostly  of  a  dirty  red. 
The  flesh  in  this  species  is  of  excellent  flavor,  but  pale  in  color, 
and  hence  less  valued  than  that  of  the  quinnat  and  the  red 
salmon. 

The  dog-salmon,  calico  salmon,  or  chum,  called  sak6  in 
Japan  {Oncorhynchiis  keta),  reaches  an  average  weight  of  about 
7  to  10  poimds.  It  has  about  14  anal  rays,  14  branchiostegals, 
24  (9  +  15)  gill-rakers,  and  140  to  185  pyloric  coeca.  There  are 
about  150  scales  in  the  lateral  line.  In  spring  it  is  dirty 
silvery,  immaculate,  or  sprinkled  with  small  black  specks,  the 
fins  dusky,  the  sides  with  faint  traces  of  gridiron-like  bars.  In 
the  fall  the  male  is  brick-red  or  blackish,  and  its  jaws  are  greatly 
distorted.  The  pale  flesh  is  well  flavored  when  fresh,  but  pale 
and  mushy  in  texture  and  muddy  in  taste  when  canned.  It  is 
said  to  take  salt  well,  and  great  numbers  of  salt  dog-salmon  are 
consumed  in  Japan. 

The  humpback  salmon,  or  pink  salmon  {Oftcorhynchus  gor- 
biischa)^  is  the  smallest  of  the  American  species,  weighing  from 
3  to  5  pounds.  It  has  usually  15  anal  rays,  12  branchiostegals, 
28  (13  +  15)  gill-rakers,  and  about  180  pyloric  coeca.  Its  scales 
are  much  smaller  than  in  any  other  salmon, 'there  being  180 
to  240  in  the  lateral  line.  In  color  it  is  bluish  above,  silvery 
below,  the  posterior  and  upper  parts  with  many  round  black 
spots,  the  caudal  fin  always  having  a  few  large  black  spots 
oblong  in  form.  The  males  in  fall  are  dirty  red,  and  are  more 
extravagantly  distorted  than  in  any  other  of  the  SalmonidcB. 
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July,  just  before  the  running  season,  therefore  coming  in  from 
the  open  sea.  The  great  majority  of  the  quinnat  salmon,  and 
probaby  all  the  blue-back  salmon,  enter  the  rivers  in  the  spring. 
The  nm  of  the  quinnat  begins  generally  at  the  last  of  March; 
it  lasts,  with  various  modifications  and  interruptions,  imtil 
the  actual  spawning  season  in  November,  the  greatest  run  being 
in  early  June  in  Alaska,  in  July  in  the  Coliunbia,  The  nm 
begins  earliest  in  the  northernmost  rivers,  and  in  the  longest 
streams,  the  time  of  running  and  the  proportionate  amoimt 
in  each  of  the  subordinate  runs  varying  with  each  different 
river.  In  general  the  nms  are  slack  in  the  summer  and  increase 
with  the  first  high  water  of  autumn.  By  the  last  of  August 
only  straggling  blue-backs  can  be  found  in  the  lower  course  of 
any  stream;  but  both  in  the  Columbia  and  in  the  Sacramento 
the  quinnat  runs  in  considerable  numbers  at  least  till  October. 
In  the  Sacramento  the  run  is  greatest  in  the  fall,  and  more  run 
in  the  summer  than  in  spring.  In  the  Sacramento  and  the 
smaller  rivers  southward  there  is  a  winter  run,  beginning  in 
December.  The  spring  quinnat  salmon  ascends  only  those 
rivers  which  are  fed  by  the  melting  snows  from  the  mountains 
and  which  have  sufficient  volume  to  send  their  waters  well  out 
to  sea.  Those  salmon  which  run  in  the  spring  are  chiefly  adults 
(supposed  to  be  at  least  three  years  old) .  Their  milt  and  spawn 
are  no  more  developed  than  at  the  same  time  in  others  of 
the  same  species  which  have  not  yet  entered  the  rivers.  It 
would  appear  that  the  contact  with  cold  fresh  water,  when 
in  the  ocean,  in  some  way  causes  them  to  run  towards  it,  and 
to  run  before  there  is  any  special  influence  to  that  end  exerted 
by  the  development  of  the  organs  of  generation.  High  water 
on  any  of  these  rivers  in  the  sj)ring  is  always  followed  by  an 
increased  run  of  salmon.  The  salmon-canners  think — and  this 
is  probably  true — that  salmon  which  would  not  have  run  till 
later  are  brought  up  by  the  contact  with  the  cold  water.  The 
cause  of  this  effect  of  cold  fresh  water  is  not  understood.  We 
may  call  it  an  instinct  of  the  salmon,  which  is  another  way  of 
expressing  our  ignorance.  In  general  it  seems  to  be  true  that 
in  those  rivers  and  during  those  years  when  the  spring  run  is 
greatest  the  fall  run  is  least  to  be  depended  on. 

The  blue-back  salmon  runs  chiefly  in  July  and  early  August, 
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beginning  in  late  June  in  Chilcoot  River,  where  some  were 
found  actually  spawning  July  15;  beginning  after  the  middle 
of  July  in  Frazer  River. 

As  the  season  advances,  smaller  and  younger  salmon  of  these 
species  (quinnat  and  blue-back)  enter  the  rivers  to  spawn,  and 
in  the  fall  these  yoimg  specimens  are  very  numerous.  We  have 
thus  far  failed  to  notice  any  gradations  in  size  or  appearance 
of  these  young  fish  by  which  their  ages  could  be  ascertained. 
It  is,  however,  probable  that  some  of  both  sexes  reproduce  at 
the  age  of  one  year.  In  Frazer  River,  in  the  fall,  quinnat  male 
grilse  of  every  size,  from  eight  inches  upwards,  were  running, 
the  milt  fully  developed,  but  usually  not  showing  the  hooked 
jaws  and  dark  colors  of  the  older  males.  Females  less  than 
eighteen  inches  in  length  were  not  seen.  All  of  either  sex,  large 
and  small,  then  in  the  river  had  the  ovaries  or  milt  developed. 
Little  blue-backs  of  every  size,  down  to  six  inches,  are  also 
foimd  in  the  upper  Columbia  in  the  fall,  with  their  organs  of 
generation  fully  developed.  Nineteen-twentieths  of  these  young 
fish  are  males,  and  some  of  them  have  the  hooked  jaws  and  red 
color  of  the  old  males.  Apparently  all  these  yotmg  fishes,  like 
the  old  ones,  die  after  spawning. 

The  average  weight  of  the  adult  quinnat  in  the  Columbia, 
in  the  spring,  is  twenty-two  pounds;  in  the  Sacramento,  about 
sixteen.  Individuals  weighing  from  forty  to  sixty  poimds  are 
frequently  foimd  in  both  rivers,  and  some  as  high  as  eighty  or 
even  one  htmdred  pounds  are  recorded,  especially  in  Alaska, 
where  the  species  tends  to  run  larger.  It  is  questionable  whether 
these  large  fishes  are  those  which,  of  the  same  age,  have  grown 
more  rapidly;  those  which  are  older,  but  have  for  some  reason 
failed  to  spawn;  or  those  which  have  survived  one  or  more 
spawing  seasons.  All  these  origins  may  be  possible  in  individual 
cases.  There  is,  however,  no  positive  evidence  that  any  salmon 
of  the  Pacific  survives  the  spawning  season. 

Those  fish  which  enter  the  rivers  in  the  spring  continue  their 
ascent  till  death  or  the  spawning  season  overtakes  them.  Doubt- 
less not  one  of  them  ever  returns  to  the  ocean,  and  a  large  pro- 
portion fail  to  spawn.  They  are  known  to  ascend  the  Sacra- 
mento to  its  extreme  head-waters,  about  foiu*  himdred  miles. 
In  the  Columbia  they  ascend  as  far  as  the  Bitter  Root  and  Saw- 


298  Salmonidx 

July,  just  before  the  running  season,  therefore  coming  in  from 
the  open  sea.  The  great  majority  of  the  quinnat  salmon,  and 
probaby  all  the  blue-back  salmon,  enter  the  rivers  in  the  spring. 
The  nm  of  the  quinnat  begins  generally  at  the  last  of  March; 
it  lasts,  with  various  modifications  and  interruptions,  imtil 
the  actual  spawning  season  in  November,  the  greatest  nm  being 
in  early  Jime  in  Alaska,  in  July  in  the  Coliunbia,  The  nm 
begins  earliest  in  the  northernmost  rivers,  and  in  the  longest 
streams,  the  time  of  nmning  and  the  proportionate  amoimt 
in  each  of  the  subordinate  runs  varying  with  each  different 
river.  In  general  the  nms  are  slack  in  the  siunmer  and  increase 
with  the  first  high  water  of  autxmin.  By  the  last  of  August 
only  straggling  blue-backs  can  be  fotmd  in  the  lower  course  of 
any  stream;  but  both  in  the  Colimibia  and  in  the  Sacramento 
the  quinnat  nms  in  considerable  ntunbers  at  least  till  October. 
In  the  Sacramento  the  run  is  greatest  in  the  fall,  and  more  run 
in  the  summer  than  in  spring.  In  the  Sacramento  and  the 
smaller  rivers  southward  there  is  a  winter  run,  beginning  in 
December.  The  spring  quinnat  salmon  ascends  only  those 
rivers  which  are  fed  by  the  melting  snows  from  the  motmtains 
and  which  have  sufficient  voltune  to  send  their  waters  well  out 
to  sea.  Those  salmon  which  run  in  the  spring  are  chiefly  adults 
(supposed  to  be  at  least  three  years  old).  Their  milt  and  spawn 
are  no  more  developed  than  at  the  same  time  in  others  of 
the  same  species  which  have  not  yet  entered  the  rivers.  It 
would  appear  that  the  contact  with  cold  fresh  water,  when 
in  the  ocean,  in  some  way  causes  them  to  run  towards  it,  and 
to  nm  before  there  is  any  special  influence  to  that  end  exerted 
by  the  development  of  the  organs  of  generation.  High  water 
on  any  of  these  rivers  in  the  spring  is  always  followed  by  an 
increased  run  of  salmon.  The  salmon -canners  think — and  this 
is  probably  true — that  salmon  which  would  not  have  run  till 
later  are  brought  up  by  the  contact  with  the  cold  water.  The 
cause  of  this  effect  of  cold  fresh  water  is  not  understood.  We 
may  call  it  an  instinct  of  the  salmon,  which  is  another  way  of 
expressing  our  ignorance.  In  general  it  seems  to  be  true  that 
in  those  rivers  and  during  those  years  when  the  spring  nm  is 
greatest  the  fall  nm  is  least  to  be  depended  on. 

The  blue-back  salmon  runs  chiefly  in  July  and  early  August, 
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beginning  in  late  June  in  Chilcoot  River,  where  some  were 
found  actually  spawning  July  1 5 ;  beginning  after  the  middle 
of  July  in  Frazer  River. 

As  the  season  advances,  smaller  and  yotmger  salmon  of  these 
species  (quinnat  and  blue-back)  enter  the  rivers  to  spawn,  and 
in  the  fall  these  yoimg  specimens  are  very  numerous.  We  have 
thus  far  failed  to  notice  any  gradations  in  size  or  appearance 
of  these  young  fish  by  which  their  ages  could  be  ascertained. 
It  is,  however,  probable  that  some  of  both  sexes  reproduce  at 
the  age  of  one  year.  In  Frazer  River,  in  the  fall,  quinnat  male 
grilse  of  every  size,  from  eight  inches  upwards,  were  rtmning, 
the  milt  fully  developed,  but  usually  not  showing  the  hooked 
jaws  and  dark  colors  of  the  older  males.  Females  less  than 
eighteen  inches  in  length  were  not  seen.  All  of  either  sex,  large 
and  small,  then  in  the  river  had  the  ovaries  or  milt  developed. 
Little  blue-backs  of  every  size,  down  to  six  inches,  are  also 
fotmd  in  the  upper  Columbia  in  the  fall,  with  their  organs  of 
generation  fully  developed.  Nineteen-twentieths  of  these  yoimg 
fish  are  males,  and  some  of  them  have  the  hooked  jaws  and  red 
color  of  the  old  males.  Apparently  all  these  yoimg  fishes,  like 
the  old  ones,  die  after  spawning. 

The  average  weight  of  the  adult  quinnat  in  the  Columbia, 
in  the  spring,  is  twenty-two  potmds;  in  the  Sacramento,  about 
sixteen.  Individuals  weighing  from  forty  to  sixty  pounds  are 
frequently  foimd  in  both  rivers,  and  some  as  high  as  eighty  or 
even  one  hundred  pounds  are  recorded,  especially  in  Alaska, 
where  the  species  tends  to  run  larger.  It  is  questionable  whether 
these  large  fishes  are  those  which,  of  the  same  age,  have  grown 
more  rapidly;  those  which  are  older,  but  have  for  some  reason 
failed  to  spawn;  or  those  which  have  survived  one  or  more 
spawing  seasons.  All  these  origins  may  be  possible  in  individual 
cases.  There  is,  however,  no  positive  evidence  that  any  salmon 
of  the  Pacific  survives  the  spawning  season. 

Those  fish  which  enter  the  rivers  in  the  spring  continue  their 
ascent  till  death  or  the  spawning  season  overtakes  them.  Doubt- 
less not  one  of  them  ever  returns  to  the  ocean,  and  a  large  pro- 
portion fail  to  spawn.  They  are  known  to  ascend  the  Sacra- 
mento to  its  extreme  head-waters,  about  foiu*  himdred  miles. 
In  the  Colimibia  they  ascend  as  far  as  the  Bitter  Root  and  Saw- 
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July,  just  before  the  running  season,  therefore  coming  in  from 
the  open  sea.  The  great  majority  of  the  quinnat  salmon,  and 
probaby  all  the  blue-back  salmon,  enter  the  rivers  in  the  spring. 
The  run  of  the  quinnat  begins  generally  at  the  last  of  March; 
it  lasts,  with  various  modifications  and  interruptions,  imtil 
the  actual  spawning  season  in  November,  the  greatest  nm  being 
in  early  June  in  Alaska,  in  July  in  the  Columbia,  The  nm 
begins  earliest  in  the  northernmost  rivers,  and  in  the  longest 
streams,  the  time  of  running  and  the  proportionate  amoimt 
in  each  of  the  subordinate  runs  varying  with  each  different 
river.  In  general  the  runs  are  slack  in  the  summer  and  increase 
with  the  first  high  water  of  autumn.  By  the  last  of  August 
only  straggling  blue-backs  can  be  found  in  the  lower  course  of 
any  stream;  but  both  in  the  Columbia  and  in  the  Sacramento 
the  quinnat  nms  in  considerable  numbers  at  least  till  October. 
In  the  Sacramento  the  run  is  greatest  in  the  fall,  and  more  run 
in  the  summer  than  in  spring.  In  the  Sacramento  and  the 
smaller  rivers  southward  there  is  a  winter  run,  beginning  in 
December.  The  spring  quinnat  salmon  ascends  only  those 
rivers  which  are  fed  by  the  melting  snows  from  the  moimtains 
and  which  have  sufficient  volume  to  send  their  waters  well  out 
to  sea.  Those  salmon  which  rtm  in  the  spring  are  chiefly  adults 
(supposed  to  be  at  least  three  years  old).  Their  milt  and  spawn 
are  no  more  developed  than  at  the  same  time  in  others  of 
the  same  species  which  have  not  yet  entered  the  rivers.  It 
would  appear  that  the  contact  with  cold  fresh  water,  when 
in  the  ocean,  in  some  way  causes  them  to  run  towards  it,  and 
to  run  before  there  is  any  special  influence  to  that  end  exerted 
by  the  development  of  the  organs  of  generation.  High  water 
on  any  of  these  rivers  in  the  spring  is  always  followed  by  an 
increased  run  of  salmon.  The  salmon -canners  think — and  this 
is  probably  true — that  salmon  which  would  not  have  run  till 
later  are  brought  up  by  the  contact  with  the  cold  water.  The 
cause  of  this  effect  of  cold  fresh  water  is  not  understood.  We 
may  call  it  an  instinct  of  the  salmon,  which  is  another  way  of 
expressing  our  ignorance.  In  general  it  seems  to  be  true  that 
in  those  rivers  and  during  those  years  when  the  spring  run  is 
greatest  the  fall  rtm  is  least  to  be  depended  on. 

The  blue-back  salmon  runs  chiefly  in  July  and  early  August, 
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beginning  in  late  June  in  Chilcoot  River,  where  some  were 
found  actually  spawning  July  1 5 ;  beginning  after  the  middle 
of  July  in  Frazer  River. 

As  the  season  advances,  smaller  and  yoimger  salmon  of  these 
species  (quinnat  and  blue-back)  enter  the  rivers  to  spa^^Ti,  and 
in  the  fall  these  young  specimens  are  very  numerous.  We  have 
thus  far  failed  to  notice  any  gradations  in  size  or  appearance 
of  these  young  fish  by  which  their  ages  could  be  ascertained. 
It  is.  however,  probable  that  some  of  both  sexes  reproduce  at 
the  age  of  one  year.  In  Frazer  River,  in  the  fall,  quinnat  male 
grilse  of  every  size,  from  eight  inches  upwards,  were  running, 
the  milt  fully  developed,  but  usually  not  showing  the  hooked 
jaws  and  dark  colors  of  the  older  males.  Females  less  than 
eighteen  inches  in  length  were  not  seen.  All  of  either  sex,  large 
and  small,  then  in  the  river  had  the  ovaries  or  milt  developed. 
Little  blue-backs  of  every  size,  down  to  six  inches,  are  also 
found  in  the  upper  Columbia  in  the  fall,  with  their  organs  of 
generation  fully  developed.  Nineteen -twentieths  of  these  young 
fish  are  males,  and  some  of  them  have  the  hooked  jaws  and  red 
color  of  the  old  males.  Apparently  all  these  young  fishes,  like 
the  old  ones,  die  after  spawning. 

The  average  weight  of  the  adult  quinnat  in  the  Columbia, 
in  the  spring,  is  twenty-two  poimds;  in  the  Sacramento,  about 
sixteen.  Individuals  weighing  from  forty  to  sixty  poimds  are 
frequently  found  in  both  rivers,  and  some  as  high  as  eighty  or 
even  one  hundred  pounds  are  recorded,  especially  in  Alaska, 
where  the  species  tends  to  run  larger.  It  is  questionable  whether 
these  large  fishes  are  those  which,  of  the  same  age,  have  grown 
more  rapidly;  those  which  are  older,  but  have  for  some  reason 
failed  to  spawn;  or  those  which  have  survived  one  or  more 
spawing  seasons.  All  these  origins  may  be  possible  in  individual 
cases.  There  is,  however,  no  positive  evidence  that  any  salmon 
of  the  Pacific  siirvives  the  spawning  season. 

Those  fish  which  enter  the  rivers  in  the  spring  continue  their 
ascent  till  death  or  the  spawning  season  overtakes  them.  Doubt- 
less not  one  of  them  ever  returns  to  the  ocean,  and  a  large  pro- 
portion fail  to  spawn.  They  are  known  to  ascend  the  Sacra- 
mento to  its  extreme  head-waters,  about  foiu*  himdred  miles. 
In  the  Columbia  they  ascend  as  far  as  the  Bitter  Root  and  Saw- 
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July,  just  before  the  running  season,  therefore  coming  in  from 
the  open  sea.  The  great  majority  of  the  quinnat  sahnon,  and 
probaby  all  the  blue-back  salmon,  enter  the  rivers  in  the  spring. 
The  run  of  the  quinnat  begins  generally  at  the  last  of  March; 
it  lasts,  with  various  modifications  and  interruptions,  imtil 
the  actual  spawning  season  in  November,  the  greatest  run  being 
in  early  June  in  Alaska,  in  July  in  the  Columbia,  The  run 
begins  earliest  in  the  northernmost  rivers,  and  in  the  longest 
streams,  the  time  of  running  and  the  proportionate  amoimt 
in  each  of  the  subordinate  runs  varying  with  each  different 
river.  In  general  the  runs  are  slack  in  the  summer  and  increase 
with  the  first  high  water  of  autumn.  By  the  last  of  August 
only  straggling  blue-backs  can  be  found  in  the  lower  course  of 
any  stream;  but  both  in  the  Columbia  and  in  the  Sacramento 
the  quinnat  runs  in  considerable  numbers  at  least  till  October. 
In  the  Sacramento  the  run  is  greatest  in  the  fall,  and  more  nm 
in  the  summer  than  in  spring.  In  the  Sacramento  and  the 
smaller  rivers  southward  there  is  a  winter  nm,  beginning  in 
December.  The  spring  quinnat  salmon  ascends  only  those 
rivers  which  are  fed  by  the  melting  snows  from  the  mountains 
and  which  have  sufficient  volume  to  send  their  waters  well  out 
to  sea.  Those  salmon  which  run  in  the  spring  are  chiefly  adults 
(supposed  to  be  at  least  three  years  old).  Their  milt  and  spawn 
are  no  more  developed  than  at  the  same  time  in  others  of 
the  same  species  which  have  not  yet  entered  the  rivers.  It 
would  appear  that  the  contact  with  cold  fresh  water,  when 
in  the  ocean,  in  some  way  causes  them  to  run  towards  it,  and 
to  run  before  there  is  any  special  influence  to  that  end  exerted 
by  the  development  of  the  organs  of  generation.  High  water 
on  any  of  these  rivers  in  the  spring  is  always  followed  by  an 
increased  run  of  salmon.  The  salmon -canners  think — and  this 
is  probably  true — that  salmon  which  would  not  have  run  till 
later  are  brought  up  by  the  contact  with  the  cold  water.  The 
cause  of  this  effect  of  cold  fresh  water  is  not  imderstood.  We 
may  call  it  an  instinct  of  the  salmon,  which  is  another  way  of 
expressing  our  ignorance.  In  general  it  seems  to  be  true  that 
in  those  rivers  and  during  those  years  when  the  spring  run  is 
greatest  the  fall  nm  is  least  to  be  depended  on. 

The  blue-back  salmon  runs  chiefly  in  July  and  early  August, 
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beginning  in  late  June  in  Chilcoot  River,  where  some  were 
found  actually  spawning  Jtdy  15;  beginning  after  the  middle 
of  July  in  Frazer  River. 

As  the  season  advances,  smaller  and  yoimger  salmon  of  these 
species  (quinnat  and  blue-back)  enter  the  rivers  to  spawn,  and 
in  the  fall  these  yoimg  speciniens  are  very  numerous.  We  have 
thus  far  failed  to  notice  any  gradations  in  size  or  appearance 
of  these  yoimg  fish  by  which  their  ages  could  be  ascertained. 
It  is,  however,  probable  that  some  of  both  sexes  reproduce  at 
the  age  of  one  year.  In  Frazer  River,  in  the  fall,  quinnat  male 
grilse  of  every  size,  from  eight  inches  upwards,  were  running, 
the  milt  fully  developed,  but  usually  not  showing  the  hooked 
jaws  and  dark  colors  of  the  older  males.  Females  less  than 
eighteen  inches  in  length  were  not  seen.  All  of  either  sex,  large 
and  small,  then  in  the  river  had  the  ovaries  or  milt  developed. 
Little  blue-backs  of  every  size,  down  to  six  inches,  are  also 
foimd  in  the  upper  Columbia  in  the  fall,  with  their  organs  of 
generation  fully  developed.  Nineteen-twentieths  of  these  young 
fish  are  males,  and  some  of  them  have  the  hooked  jaws  and  red 
color  of  the  old  males.  Apparently  all  these  yoimg  fishes,  like 
the  old  ones,  die  after  spawning. 

The  average  weight  of  the  adult  quinnat  in  the  Columbia, 
in  the  spring,  is  twenty-two  poimds;  in  the  Sacramento,  about 
sixteen.  Individuals  weighing  from  forty  to  sixty  pounds  are 
frequently  foimd  in  both  rivers,  and  some  as  high  as  eighty  or 
even  one  himdred  pounds  are  recorded,  especially  in  Alaska, 
where  the  species  tends  to  run  larger.  It  is  questionable  whether 
these  large  fishes  are  those  which,  of  the  same  age,  have  grown 
more  rapidly;  those  which  are  older,  but  have  for  some  reason 
failed  to  spawn;  or  those  which  have  survived  one  or  more 
spawing  seasons.  All  these  origins  may  be  possible  in  individual 
cases.  There  is,  however,  no  positive  evidence  that  any  salmon 
of  the  Pacific  survives  the  spawning  season. 

Those  fish  which  enter  the  rivers  in  the  spring  continue  their 
ascent  till  death  or  the  spawning  season  overtakes  them.  Doubt- 
less not  one  of  them  ever  returns  to  the  ocean,  and  a  large  pro- 
portion fail  to  spawn.  They  are  known  to  ascend  the  Sacra- 
mento to  its  extreme  head-waters,  about  foiu*  himdred  miles. 
In  the  Columbia  they  ascend  as  far  as  the  Bitter  Root  and  Saw- 
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tooth  mountains  of  Idaho,  and  their  extreme  limit  is  not  known. 
This  is  a  distance  of  nearly  a  thousand  miles.  In  the  YuIbmi 
a  few  ascend  to  Caribou  Crossing  and  Lake  Bennett,  2250  miles. 
At  these  great  distances,  when  the  fish  have  reached  the  spawn- 
ing grounds,  besides  the  usual  changes  of  the  breeding  season 
their  bodies  are  covered  with  bruises,  on  which  patches  of  white 
fungus  {Saprolegnia)  develop.  The  fins  become  mutilated, 
their  eyes  are  often  injured  or  destroyed,  parasitic  worms  gather 
in  their  gills,  they  become  extremely  emaciated,  their  flesh 
becomes  white  from  the  loss  of  oil ;  and  as  soon  as  the  spawning 
act  is  accomplished,  and  sometimes  before,  all  of  them  die. 
The  ascent  of  the  Cascades  and  the  Dalles  of  the  Columlna 
causes  the  injury  or  death  of  a  great  many  salmon. 

When  the  salmon  enter  the  river  they  refuse  to  take  bait. 
and  their  stomachs  are  always  found  empty  and  omtracted. 


In  the  rivers  they  do  not  feed ;  and  when  ihcy  reach  the  spa^\'n- 
ing  grounds  their  stomachs,  pyloric  C'tfa  and  al!,  are  said  to 
he  no  larger  than  one's  finger.  Tiicy  will  s-'-mc-times  take  the 
fly,  or  a  hook  baited  with  salmiin-n.c,  in  the  clear  waters  of  the 
upper  tributaries,  but  this  is  apyiaruiuly  s'-.ldv  out  of  annoyance, 
snapping  at  the  meddling  line.  Only  thf  'juinnat  and  blue-back 
fthere  called  rcdfish)  have  been  fomid  at  any  great  distance 
from  the  sea,  and  these  fas  adult  fish(;sj  only  in  late  summer 
and  fall. 

The  spawning  season  is  probably  about  the  same  f')r  all  the 
species.  It  varies  for  each  of  the  fiilVen-riL  riv<^rs,  and  for  different 
parts  of  the  same  river.     It  douljtii-,-;  extends  from  July  to 
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December,  and  takes  place  usually  as  soon  as  the  temperature 
of  the  water  falls  to  54°.  The  manner  of  spawning  is  probably 
similar  for  all  the  species.  In  the  quinnat  the  fishes  pair  off; 
the  male,  with  tail  and  snout,  excavates  a  broad,  shallow  **nest" 
in  the  gravelly  bed  of  the  stream,  in  rapid  water,  at  a  depth 
of  one  to  four  feet  and  the  female  deposits  her  eggs  in  it. 
They  then  float  down  the  stream  tail  foremost,  the  only 
fashion  in  which  salmon  descend  to  the  sea.  As  already 
stated,  in  the  head-waters  of  the  large  streams,  imquestionably, 
all  die;  it  is  the  belief  of  the  writer  that  none  ever  survive. 
The  yoimg  hatch  in  sixty  days,  and  most  of  them  return  to 
the  ocean  during  the  high  water  of  the  spring.  They  enter  the 
river  as  adults  at  the  age  of  about  four  years. 

The  salmon  of  all  kinds  in  the  spring  are  silvery,  spotted 
or  not  according  to  the  species,  and  with  the  mouth  about  equally 
symmetrical  in  both  sexes.  As  the  spawning  season  approaches 
the  female  loses  her  silvery  color,  becomes  more  slimy,  the 
scales  on  the  back  partly  sink  into  the  skin,  and  the  flesh  changes 
from  salmon-red  and  becomes  variously  paler,  from  the  loss  of 
oil;  the  degree  of  paleness  varying  much  with  individuals  and 
with  inhabitants  of  different  rivers.  In  the  Sacramento  the 
flesh  of  the  quinnat,  in  either  spring  or  fall,  is  rarely  pale.  In 
the  Columbia  a  few  with  pale  flesh  are  sometimes  taken  in 
spring,  and  an  increasing  number  from  July  on.  In  Frazer 
River  the  fall  run  of  the  quinnat  is  nearly  worthless  for  canning 
purposes,  because  so  many  are  *' whitc-meated.'*  In  the  spring 
very  few  are  **  white-meated  "  ;  but  the  number  increases  towards 
fall,  when  there  is  every  variation,  some  having  red  streaks 
running  through  them,  others  being  red  toward  the  head  and 
pale  toward  the  tail.  The  red  and  pale  ones  cannot  be  dis- 
tinguished externally,  and  the  color  is  dependent  on  neither 
age  nor  sex.  There  is  said  to  be  no  difference  in  the  taste,  but 
there  is  little  market  for  canned  salmon  not  of  the  conventional 
orange-color. 

As  the  season  advances  the  difference  between  the  males 
and  females  becomes  more  and  more  marked,  and  keeps  pace 
with  the  development  of  the  milt,  as  is  shown  by  dissection. 
The  males  have  (i)  the  premaxillaries  and  the  tip  of  the  lower 
jaw  more  and  more  prolonged,  both  of  the  jaws  becoming  finally 
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strongly  and  often  extravagantly  hooked,  so  that  either  they 
shut  by  the  side  of  each  other  like  shears,  or  else  the  mouth 
cannot  be  closed.  (2)  The  front  teeth  become  very  long  and 
canine-like,  their  growth  proceeding  very  rapidly,  imtil  they 
are  often  half  an  inch  long.  (3)  The  teeth  on  the  vomer  and 
tongue  often  disappear.  {4)  The  body  grows  more  compressed 
and  deeper  at  the  shoulders,  so  that  a  very  distinct  hump  is 
formed;  this  is  more  developed  in  the  humpback  salmon,  but 
is  found  in  all.  {5)  The  scales  disappear,  especially  on  the 
back,  by  the  growth  of  spongy  skin.  (6)  The  color  changes 
from  silvery  to  varioios  shades  of  black  and  red,  or  blotchy, 
according  to  the  species.  The  blue-back  turns  rosy-red,  the 
head  bright  olive;  the  dog-salmon  a  dull  red  with  blackish  bars, 
and  the  quinnat  generally  blackish.     The  distorted  males  are 


commonly  considered  worthless,  rejected  by  the  canners  and 
salmon-salters,  but  preserved  by  the  Indians.  These  changes 
are  due  solely  to  influences  connected  with  the  growth  of  the 
reproductive  oi^ans.  They  are  not  in  any  way  due  to  the 
action  of  fresh  water.  They  take  place  at  about  the  same  time 
in  the  adult  males  of  all  species,  whether  in  the  ocean  or  in  the 
rivers.  At  the  time  of  the  spring  runs  all  are  symmetrical. 
In  the  fall  all  males,  of  whatever  species,  are  more  or  less  dis- 
torted. Among  the  dog-salmon,  which  run  only  in  the  fall, 
the  males  are  hook-jawed  and  red-blotched  when  they  first 
enter  the  Strait  of  Fuca  from  the  outside.  The  humpback, 
taken  in  salt  water  about  Seattle,  have  the  same  peculiarities. 
The  male  is  slab-sided,  hook-billed,  and  distorted,  and  is  re- 
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jected  by  the  canners.  No  hook- jawed  females  of  any  species 
have  been  seen. 

On  first  entering  a  stream  the  salmon  swim  about  as  if  play- 
ing. They  always  head  towards  the  current,  and  this  appear- 
ance of  playing  may  be  simply  due  to  facing  the  moving  tide. 
Afterwards  they  enter  the  deepest  parts  of  the  stream  and 
swim  straight  up,  with  few  interruptions.  Their  rate  of  travel 
at  Sacramento  is  estimated  by  Stone  at  about  two  miles  per 
day;  on  the  Columbia  at  about  three  miles  per  day.  Those 
which  enter  the  Columbia  in  the  spring  and  ascend  to  the  moun- 
tain rivers  of  Idaho  must  go  at  a  more  rapid  rate  than  this,  as 
they  must  make  an  average  of  nearly  foiu*  miles  per  day. 

As  already  stated,  the  economic  value  of  any  species  depends 
in  great  part  on  its  being  a  "spring  salmon.*'  It  is  not  gen- 
erally possible  to  capture  salmon  of  any  species  in  large  ntmi- 
bers  imtil  they  have  entered  the  estuaries  or  rivers,  and  the 
spring  salmon  enter  the  large  rivers  long  before  the  growth 
of  the  organs  of  reproduction  has  reduced  the  richness  of  the 
flesh.  The  fall  salmon  cannot  be  taken  in  quantity  until  their 
flesh  has  deteriorated;  hence  the  dog-salmon  is  practically 
almost  worthless  except  to  the  Indians,  and  the  humpback 
salmon  was  regarded  as  little  better  until  comparatively  re- 
cently, when  it  has  been  placed  on  the  market  in  cans  as  '*  Pink 
Salmon."  It  sells  for  about  half  the  price  of  the  red  salmon 
and  one-third  that  of  the  quinnat.  The  red  salmon  is  smaller 
than  the  quinnat  but,  outside  the  Sacramento  and  the  Columbia, 
far  more  abundant,  and  at  present  it  exceeds  the  quinnat  in 
economic  value.  The  pack  of  red  salmon  in  Alaska  amounted 
in  1902  to  over  two  million  cases  (48  pounds  each),  worth  whole- 
sale about  $4.00  per  case,  or  about  S8, 000, 000.  The  other  species 
in  Alaska  yield  about  one  million  cases,  the  total  wholesale  value 
of  the  pack  for  1902  being  $8,667,673.  The  aggregate  value  of 
the  quinnat  is  considerably  less,  but  either  s[)ecies  far  exceed  in 
value  all  other  fishes  of  the  Pacific  taken  together.  The  silver 
salmon  is  found  in  the  inland  waters  of  Puget  Sound  for  a 
considerable  time  before  the  fall  rains  cause  the  fall  runs,  and 
it  may  be  taken  in  large  numbers  wdth  seines  before  the  season 
for  entering  the  rivers. 

The  fall  salmon  of  all  species,  but  especially  of  the  dog- 
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salmon,  ascend  streams  but  a  short  distance  before  spawning. 
They  seem  to  be  in  great  anxiety  to  find  fresh  water,  and  many 
of  them  work  their  way  up  little  brooks  only  a  few  inches  deep, 
where  they  perish  miserably,  floundering  about  on  the  stones. 
Every  stream  of  whatever  kind,  from  San  Francisco  to  Bering 
Sea,  has  more  or  less  of  these  fall  salmon. 

The  absence  of  the  fine  spring  salmon  in  the  streams  of 
Japan  is  the  cause  of  the  relative  unimportance  of  the  river 
fisheries  of  the  northern  island  of  Japan,  Hokkaido.  It  is 
not  likely  that  either  the  quinnat  or  the  red  salmon  can  be 
introduced  into  these  rivers,  as  they  have  no  snow-fed  streams, 
and  few  of  them  pass  through  lakes  which  are  not  shut  off  by 
waterfalls.  For  the  same  reason  neither  of  these  species  is 
likely  to  become  naturalized  in  the  waters  of  our  Eastern  States, 
though  it  is  worth  while  to  bring  the  red  salmon  to  the  St. 
LawTence.  The  silver  salmon,  already  abundant  in  Japan, 
should  thrive  in  the  rivers  and  bays  of  New  England. 

The  Parent-stream  Theory.  —  It  has  been  generally  accepted 
as  unquestioned  by  packers  and  fishermen  that  salmon  return 
to  spa\sTi  to  the  very  stream  in  which  they  were  hatched.  As 
early  as  1880  the  present  writer  placed  on  record  his  opinion 
that  this  theory  was  unsound.  In  a  general  way  most  salmon 
return  to  the  parent  stream,  because  when  in  the  sea  the  parent 
stream  is  the  one  most  easily  reached.  The  channels  and  run- 
ways which  directed  their  course  to  the  sea  may  influence  their 
return  trip  in  the  same  fashion.  When  the  salmon  is  mature 
it  seeks  fresh  water.  Other  things  being  equal,  about  the  same 
ntunber  will  run  each  year  in  the  same  channel.  With  all  this, 
we  find  some  curious  facts.  Certain  streams  will  have  a  run 
of  exceptionally  large  or  exceptionally  small  red  salmon.  The 
time  of  the  run  bears  some  relation  to  the  length  of  the  stream : 
those  who  have  farthest  to  go  start  earliest.  The  time  of  running 
bears  also  a  relation  to  the  temperature  of  the  spawTiing  grounds : 
where  the  waters  cool  off  earliest  the  fish  run  soonest. 

The  supposed  evidence  in  favor  of  the  parent-stream  theor\^ 
may  be  considered  under  three  heads:  *    (i)  Distinctive  runs  in 

♦  See  an  excellent  article  by  H.  S.  Da\'is  in  the  Pacific  Fisherman  for  July, 
1903. 
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various  streams.  (2)  Return  of  marked  salmon.  (3)  Intro- 
duction of  salmon  into  new  streams  followed  by  their  return. 

Under  the  first  head  it  is  often  asserted  of  fishermen  that 
they  can  distinguish  the  salmon  of  different  streams.  Thus  the 
Lynn  Canal  red  salmon  are  larger  than  those  in  most  waters, 
and  it  is  claimed  that  those  of  Chilcoot  Inlet  are  larger  than  those 
of  the  sister  stream  at  Chilcat.  The  red  salmon  of  Red  Fish  Bay 
on  Baranof  Island  are  said  to  be  much  smaller  than  usual,  and 
those  of  the  neighboring  Necker  Bay  are  not  more  than  one- 
third  the  ordinary  size.  Those  of  a  small  rapid  stream  near 
Nass  River  are  more  wiry  than  those  of  the  neighboring  large 
stream.  The  same  claim  is  made  for  the  different  streams  of 
Puget  Sotmd,  each  one  having  its  characteristic  run.  In  all 
this  there  is  some  truth  and  perhaps  some  exaggeration.  I  have 
noticed  that  the  Chilcoot  fish  seem  deeper  in  body  than  those 
at  Chilcat.  The  red  salmon  becomes  compressed  before  spawn- 
ing, and  the  Chilcoot  fishes  having  a  short  run  spawn  earlier 
than  the  Chilcat  fishes,  which  have  many  miles  to  go,  the  water 
being  perhaps  warmer  at  the  mouth  of  the  river.  Perhaps 
some  localities  may  meet  the  nervous  reactions  of  small  fishes, 
while  not  attracting  the  large  ones.  Mr.  H.  S.  Davis  well 
observes  that  **  until  a  constant  difference  has  been  demon- 
strated by  a  careful  examination  of  large  numbers  of  fish  from 
each  stream  taken  at  the  same  time,  but  little  weight  can  be 
attached  to  arguments  of  this  nature." 

It  is  doubtless  true  as  a  general  proposition  that  nearly 
all  salmon  return  to  the  region  in  which  they  were  spawned. 
Most  of  them  apparently  never  go  far  away  from  the  mouth  of 
the  stream  or  the  bay  into  which  it  flows.  It  is  true  that  salmon 
are  occasionally  taken  well  out  at  sea,  and  it  is  certain  that  the 
red-salmon  runs  of  Puget  Sound  come  from  outside  the  Straits 
of  Fuca.  There  is,  however,  evidence  that  they  rarely  go  so 
far  as  that.  When  seeking  shore  they  do  not  reach  the  original 
channels. 

In  1880  the  writer,  studying  the  salmon  of  the  Columbia, 
used  the  following  words,  which  he  has  not  had  occasion  to 
change : 

**  It  is  the  prevailing  impression  that  the  salmon  have  some 
special  instinct  which  leads  them  to  return  to  spawn  in  the 
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same  spawning  grounds  where  they  were  originally  hatched. 
We  fail  to  find  any  evidence  of  this  in  the  case  of  the  Pacific- 
coast  salmon,  and  we  do  not  believe  it  to  be  true.  It  seems 
more  probable  that  the  yoimg  salmon  hatched  in  any  river 
mostly  remain  in  the  ocean  within  a  radius  of  twenty,  thirty, 
or  forty  miles  of  its  mouth.  These,  in  their  movements  about 
in  the  ocean,  may  come  into  contact  with  the  cold  waters  of 
their  parent  rivers,  or  perhaps  of  any  other  river,  at  a  consider- 
able distance  from  the  shore.  In  the  case  of  the  quinnat  and 
the  blue-back  their  'instinct'  seems  to  lead  them  to  ascend 
these  fresh  waters,  and  in  a  majority  of  cases  these  waters  will 
be  those  in  which  the  fishes  in  question  were  originally  spawned. 
Later  in  the  season  the  growth  of  the  reproductive  organs  leads 
them  to  approach  the  shore  and  search  for  fresh  waters,  and 
still  the  chances  are  that  they  may  find  the  original  stream. 
But  imdoubtedly  many  fall  salmon  ascend,  or  try  to  ascend, 
streams  in  which  no  salmon  was  ever  hatched.  In  little  brooks 
about  Puget  Sotmd,  where  the  water  is  not  three  inches  deep, 
are  often  found  dead  or  dying  salmon  which  have  entered  them 
for  the  purpose  of  spawning.  It  is  said  of  the  Russian  River 
and  other  California  rivers  that  their  mouths,  in  the  time  of 
low  water  in  summer,  generally  become  entirely  closed  by  sand- 
bars, and  that  the  salmon,  in  their  eagerness  to  ascend  them, 
frequently  fling  themselves  entirely  out  of  water  on  the  beach. 
But  this  does  not  prove  that  the  salmon  are  guided  by  a  mar- 
velous geographical  instinct  which  leads  them  to  their  parent 
river  in  spite  of  the  fact  that  the  river  cannot  be  fotmd.  The 
waters  of  Russian  River  soak  through  these  sand-bars,  and 
the  salmon  instinct,  we  think,  leads  them  merely  to  search  for 
fresh  waters.  This  matter  is  much  in  need  of  further  investi- 
gation; at  present,  however,  we  find  no  reason  to  believe  that 
the  salmon  enter  the  Rogue  River  simply  because  they  were 
spawned  there,  or  that  a  salmon  hatched  in  the  Clackamas 
River  is  more  likely,  on  that  accotmt,  to  return  to  the  Clacka- 
mas than  to  go  up  the  Cowlitz  or  the  Des  Chutes." 

Attempts  have  been  made  to  settle  this  question  by  marking 
the  fry.  But  this  is  a  very  difficult  matter  indeed.  Almost 
the  only  structure  which  can  be  safely  mutilated  is  the  adipose 
fin,  and  this  is  often  nipped  off  by  sticklebacks  and  other  med- 
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dling  fish.  The  following  experiments  have  been  tried,  accord- 
ing to  Mr.  Davis: 

In  March,  1896,  5000  king-salmon  fry  were  marked  by 
cutting  off  the  adipose  fin,  then  set  free  in  the  Clackamas  River. 
Nearly  400  of  these  marked  fish  are  said  to  have  been  taken  in 
the  Coliimbia  in  1898,  and  a  few  more  in  1899.  In  addition  a 
few  were  taken  in  1898,  1899,  and  1900  in  the  Sacramento 
River,  but  in  much  less  numbers  than  in  the  Columbia.  In  the 
Columbia  most  were  taken  at  the  mouth  of  the  river,  where 
nearly  all  of  the  fishing  was  done,  but  a  few  were  in  the  original 
stream,  the  Clackamas.  It  is  stated  that  the  fry  thus  set  free 
in  the  Clackamas  came  from  eggs  obtained  in  the  Sacramento — 
a  matter  which  has,  however,  no  bearing  on  the  present  case. 

In  the  Kalama  hatchery  on  the  Columbia  River,  Washing- 
ton, 2000  fry  of  the  quinnat  or  king-salmon  were  marked  in 
1899  by  a  V-shaped  notch  in  the  caudal  fin.  Numerous  fishes 
thus  marked  were  taken  in  the  lower  Columbia  in  1901  and  1902. 
A  few  were  taken  at  the  Kalama  hatchery,  but  some  also  at  the 
hatcheries  on  Wind  River  and  Clackamas  River.  At  the 
hatchery  on  Chehalis  River  six  or  seven  were  taken,  the  stream 
not  being  a  tributary  of  the  Columbia,  but  flowing  into  Shoal- 
water  Bay.  None  were  noticed  in  the  Sacramento.  The  evi- 
dence shows  that  the  most  who  are  hatched  in  a  large  stream 
tend  to  rettim  to  it,  and  that  in  general  most  salmon  return 
to  the  parent  region.  There  is  no  evidence  that  a  salmon  hatched 
in  one  branch  of  a  river  tends  to  return  there  rather  than  to 
any  other.  Experiments  of  Messrs.  Rutter  and  Spaulding  in 
marking  adult  fish  at  Karluk  would  indicate  that  they  roam 
rather  widely  about  the  island  before  spawning.  An  adult 
spawning  fish,  marked  and  set  free  at  Karluk,  was  taken  soon 
after  on  the  opposite  side  of  the  island  of  Kadiak. 

The  -introduction  of  salmon  into  new  streams  may  throw 
some  light  on  this  question.  In  1897  and  1898  3,000,000  yotmg 
quinnat-salmon  fry  were  set  free  in  Papermill  Creek  near  Olema, 
California.  This  is  a  small  stream  flowing  into  the  head  of 
Tomales  Bay,  and  it  had  never  previously  had  a  run  of  salmon. 
In  1900,  and  especially  in  1901,  large  quinnat  salmon  appeared 
in  considerable  numbers  in  this  stream.  One  specimen  weigh- 
ing about  sixteen  poimds  was  sent  to  the  present  writer  for 
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identification.  These  fishes  certainly  retiimed  to  the  parent 
stream,  although  this  stream  was  one  not  at  all  fitted  for  their 
purpose. 

But  this  may  be  accoimted  for  by  the  topography  of  the 
bay.  Tomales  Bay  is  a  long  and  narrow  channel,  about  twenty 
miles  long  and  from  one  to  five  in  width,  isolated  from  other 
rivers  and  with  but  one  tributary  stream.  Probably  the 
salmon  had  not  wandered  far  from  it ;  some  may  not  have  left  it 
at  all.  In  any  event,  a  large  number  certainly  came  back  to  the 
same  place. 

That  the  salmon  rarely  go  far  away  is  fairly  attested.  Schools 
of  king-salmon  play  in  Monterey  Bay,  and  chase  the  herring 
about  in  the  channels  of  southeastern  Alaska.  A  few  years 
since  Captain  J.  F.  Moser,  in  charge  of  the  Albatross,  set  gill- 
nets  for  salmon  at  various  places  in  the  sea  off  the  Oregon  and 
Washington  coast,  catching  none  except  in  the  bays. 

Mr.  Davis  gives  an  accotmt  of  the  liberation  of  salmon  in 
Chinook  River,  which  flows  into  the  Columbia  at  Baker's  Bay : 

**It  is  a  small,  sluggish  stream  and  has  never  been  fre- 
quented by  Chinook  salmon,  although  considerable  numbers 
of  silver  and  dog  salmon  enter  it  late  in  the  fall.  A  few  years 
ago  the  State  established  a  hatchery  on  this  stream,  and  since 
1898  between  1,000,000  and  2,000,000  Chinook  fry  have  been 
turned  out  here  annually.  The  fish  are  taken  from  the  potmd- 
nets  in  Baker's  Bay,  towed  into  the  river  in  crates  and  then 
liberated  above  the  dike,  which  prevents  their  return  to  the 
Columbia.  When  ripe  the  salmon  ascend  to  the  hatchery, 
some  two  or  three  miles  farther  up  the  river,  where  they  are 
spawned. 

**  The  superintendent  of  the  hatchery,  Mr.  Hansen,  informs 
me  that  in  1902,  during  November  and  December,  quite  a 
number  of  Chinook  salmon  ascended  the  Chinook  River.  About 
150  salmon  of  both  sexes  were  taken  in  a  trap  located  in  the  river 
about  four  miles  from  its  mouth.  At  first  thought  it  would 
appear  that  these  were  probably  fish  which,  when  fry,  had  been 
liberated  in  the  river,  but  tmforttmately  there  is  no  proof 
that  this  was  the  case.  According  to  Mr.  Hansen,  the  season 
of  1902  was  remarkable  in  that  the  salmon  ran  inshore  in  large 
schools,  a  thing  which  they  had  not  done  before  for'  years.     It 
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is  possible  that  the  fish,  being  forced  in  close  to  the  shore,  came 
in  contact  with  the  current  from  the  Chinook  River,  which, 
since  the  stream  is  small  and  sluggish,  would  not  be  felt  far  from 
shore.  Once  brought  imder  the  influence  of  the  cturent  from 
the  river,  the  salmon  would  naturally  ascend  that  stream, 
whether  they  had  been  hatched  there  or  not.  *' 

The  general  conclusion,  apparently  warranted  by  the  facts 
at  hand,  is  that  salmon,  for  the  most  part,  do  not  go  to  a  great 
distance  from  the  stream  in  which  they  are  hatched,  that  most 
of  them  return  to  the  streams  of  the  same  region,. a  majority  to 
the  parent  stream,  but  that  there  is  no  evidence  that  they  choose 
the  parental  spawning  groimds  in  preference  to  any  other,  and 
none  that  they  will  prefer  an  tmdesirable  stream  to  a  favorable 
one  for  the  reason  that  they  happen  to  have  been  hatched  in 
the  former. 

The  Jadgeska  Hatchery. — Mr.  John  C.  Callbreath  of  Wrangel, 
Alaska,  has  long  conducted  a  very  interesting  but  very  costly 
experiment  in  this  line.  About  1890  he  established  himself 
in  a  small  stream  called  Jadgeska  on  the  west  coast  of  Etolin 
Island,  tributary  to  McHenry  Inlet,  Clarence  Straits.  This 
stream  led  from  a  lake,  and  in  it  a  few  thousand  red  salmon 
spawned,  besides  multitudes  of  silver  salmon,  dog-salmon,  and 
humpback  salmon.  Making  a  dam  across  the  stream,  he  helped 
the  red  salmon  over  it,  destroying  all  of  the  inferior  kinds  which 
entered  the  stream.  He  also  established  a  hatchery  for  the 
red  salmon,  turning  loose  many  fry  yearly  for  ten  or  twelye 
years.  This  was  done  in  the  expectation  that  all  the  salmon 
hatched  would  return  to  Jadgeska  in  about  four  years.  By 
destroying  all  individuals  of  other  species  attempting  to  run,  it 
was  expected  that  they  would  become  extinct  so  far  as  the 
stream  is  concerned. 

The  result  of  this  experiment  has  been  disappointment. 
After  twelve  years  or  more  there  has  been  no  increase  of  red 
salmon  in  the  stream,  and  no  decrease  of  humpbacks  and  other 
humbler  forms  of  salmon.  Mr.  Callbreath  draws  the  con- 
clusion that  salmon  run  at  a  much  greater  age  than  has  been 
supposed — at  the  age  of  sixteen  years,  perhaps,  instead  of  four. 
A  far  more  probable  conclusion  is  that  his  salmon  have  joined 
other  bands  bound  for  more  suitable  streams      It  is  indeed 
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claimed  that  since  the  establishment  of  Callbreath's  hatchery 
on  Etolin  Island  there  has  been  a  notable  increase  of  the  salmon 
rtm  in  the  various  streams  of  Prince  of  Wales  Island  on  the 
opposite  side  of  Clarence  Straits.  But  this  statement,  while 
largely  cturent  among  the  cannerymen,  and  not  improbable, 
needs  verification. 

We  shall  await  with  much  interest  the  return  of  the  thou- 
sands of  salmon  hatched  in  1902  in  Naha  stream.  We  may 
venture  the  prophecy  that  while  a  large  percentage  will  retmn 
to  Loring,  many  others  will  enter  Yes  Bay,  Karta  Bay,  Moira 
Sotmd,  and  other  red-salmon  waters  along  the  line  of  their 
return  from  Dixon  Entrance  or  the  open  sea. 

Salmon-packing. — The  canning  of  salmon,  that  is,  the  packing 
of  the  flesh  in  tin  cases,  hermetically  sealed  after  boiling,  was 
begim  on  the  Columbia  River  by  the  Hume  Brothers  in  1866. 
In  1874  canneries  were  established  on  the  Sacramento  River, 
in  1876  on  Puget  Sound  and  on  Frazer  River,  and  in  1878  in 
Alaska.  At  first  only  the  quinnat  salmon  was  packed;  after- 
wards the  red  salmon  and  the  silver  salmon,  and  finally  the 
humpback,  known  commercially  as  pink  salmon.  In  most 
cases  the  flesh  is  packed  in  one-pound  tins,  forty-eight  of 
which  constitute  a  case.  The  wholesale  price  in  1903  was  for 
quinnat  salmon  $5.60  per  case,  red  salmon  $4.00,  silver  salmon 
$2.60,  htmipback  salmon  $2.00,  and  dog-salmon  $1.50.  It  costs 
in  round  numbers  $2.00  to  pack  a  case  of  salmon.  The  very 
low  price  of  the  inferior  brands  is  due  to  overproduction. 

The  output  of  the  salmon  fishery  of  the  Pacific  coast  amotmts 
to  about  fifteen  millions  per  year,  that  of  Alaska  constituting 
seven  to  nine  millions  of  this  amount.  Of  this  amount  the  red 
salmon  constitutes  somewhat  more  than  half,  the  quinnat  about 
four-fifths  of  the  rest. 

In  almost  all  salmon  streams  there  is  evidence  of  considerable 
diminution  in  numbers,  although  the  evidence  is  sometimes 
conflicting.  In  Alaska  this  has  been  due  to  the  vicious  custom, 
now  done  away  with,  of  barricading  the  streams  so  that  the 
fish  could  not  reach  the  spawning  grotinds,  but  might  be  all 
taken  with  the  net.  In  the  Columbia  River  the  reduction 
in  numbers  is  mainly  due  to  stationary  traps  and  salmon- 
wheels,  which  leave  the  fish  relatively  little  chance  to  reach  the 
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spawning  grounds.  In  years  of  high  water  doubtless  many 
salmon  run  in  the  spring  which  might  otherwise  have  waited 
until  fall. 

The  key  to  the  situation  lies  in  the  artificial  propagation  of 
salmon  by  means  of  well-ordered  hatcheries.  By  this  means  the 
fisheries  of  the  Sacramento  have  been  fully  restored,  those  of  the 
Colximbia  approximately  maintained,  and  a  hopeful  beginning 
has  been  made  in  hatching  red  salmon  in  Alaska. 

The  preservation  of  salmon  and  trout  depends  rather  on 
artificial  hatching  than  on  protection. 

Salmo,  the  Trout  and  Atlantic  Salmon. —  The  genus  Salmo 
comprises  those  forms  of  salmon  which  have  been  longest 
known.  As  in  related  genera,  the  mouth  is  large,  and  the 
jaws,  palatines,  and  tongue  are  armed  with  strong  teeth.  The 
vomer  is  flat,  its  shaft  not  depressed  below  the  level  of  the 
head  or  chevron  (the  anterior  end).  There  are  a  few  teeth  on 
the  chevron;  and  behind  it,  on  the  shaft,  there  is  either  a 
double  series  of  teeth  or  an  irregular  single  series.  These  teeth 
in  the  true  salmon  disappear  with  age,  but  in  the  others  (the 
black-spotted  trout)  they  are  persistent.  The  scales  are  silvery 
and  moderate  or  small  in  size.  There  are  9  to  ii  developed 
rays  in  the  anal  fin.  The  caudal  fin  is  tnmcate,  or  variously 
concave  or  forked.  There  are  usually  40  to  70  pyloric  cceca, 
II  or  12  branchiostegals,  and  about  20  (8  +  12)  gill-rakers. 
The  sexual  peculiarities  are  in  general  less  marked  than  in 
Oncorhynchiis ;  they  are  also  greater  in  the  anadromous  species 
than  in  those  which  inhabit  fresh  waters.  In  general  the 
male  in  the  breeding  season  is  redder,  its  jaws  are  prolonged, 
the  front  teeth  enlarged,  the  lower  jaw  turned  upwards  at  the 
end,  and  the  upper  jaw  notched,  or  sometimes  even  perforated, 
by  the  tip  of  the  lower.  All  the  species  of  Salmo  (like  those  of 
Oncorhynchus)  are  more  or  less  spotted  with  black.  Unlike 
the  species  of  Oncorhynchus,  the  species  of  Salmo  feed  more  or  less 
while  in  fresh  water,  and  the  individuals  for  the  most  part 
do  not  die  after  spawning,  although  many  old  males  do  thus 
perish. 

The  Atlantic  Salmon. — The  large  species  of  Salmo,  called 
salmon  by  English-speaking  people  {Salmo  salar,  Salmo  truita), 
are  marine  and  anadromous,  taking  the  place  in  the  North 
Atlantic  occupied  in  the  North  Pacific  by  the  species  of  Onco- 
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rhynchus.  Two  others  more  or  less  similar  in  character  occtir 
in  Japan  and  Kamchatka.  The  others  (trout),  forming  the 
subgenus  Salar,  are  nonrmigratory,  or  at  least  irregularly 
or  imperfectly  anadromous.  The  true  or  black-spotted  trout 
abotmd  in  all  streams  of  northern  Europe,  northern  Asia,  and 
in  that  part  of  North  America  which  lies  west  of  the  Mississippi 
Valley.  The  black-spotted  trout  are  entirely  wanting  in  eastern 
America — a  remarkable  fact  in  geographical  distribution,  perhaps 
explained  only  on  the  hypothesis  of  the  comparatively  recent 
and  Eurasia  tic  origin  of  the  group,  which,  we  may  suppose,  has 
not  yet  had  opportunity  to  extend  its  range  across  the  plains, 
unsuitable  for  salmon  life,  which  separate  the  upper  Missouri 
from  the  Great  Lakes. 

The  salmon  {Salmo  salar)  is  the  only  black-spotted  sal- 
monoid  fotmd  in  American  waters  tributary  to  the  Atlantic. 
In  Europe,  where  other  species  similarly  colored  occur,  the 
species  may  be  best  distinguished  by  the  fact  that  the  teeth 
on  the  shaft  of  the  vomer  mostly  disappear  with  age.  From 
the  only  other  species  positively  known,  the  salmon  trout  {Salmo 
trutta),  which  shares  this  character,  the  true  salmon  may  be 
distinguished  by  the  presence  of  but  eleven  scales  between  the 
adipose  fin  and  the  lateral  line,  while  Salmo  trutta  has  about 
fourteen.  The  scales  are  comparatively  large  in  the  salmon, 
there  being  about  one  himdred  and  twenty-five  in  the  lateral 
line.  The  caudal  fin,  which  is  forked  in  the  young,  becomes, 
as  in  other  species  of  salmon,  more  or  less  truncate  with  age. 
The  pyloric  coeca  are  fifty  to  sixty  in  number. 

The  color  in  adults,  according  to  Dr.  Day,  is  **  superiorly  of 
a  steel-blue,  becoming  lighter  on  the  sides  and  beneath.  Mostly 
a  few  rounded  or  X-shaped  spots  scattered  above  the  lateral 
line  and  upper  half  of  the  head,  being  more  numerous  in  the 
female  than  in  the  male.  Dorsal,  caudal,  and  pectoral  fins 
dusky;  ventrals  and  anal  white,  the  former  grayish  internally. 
Prior  to  entering  fresh  waters  these  fish  are  of  a  brilliant  steel- 
blue  along  the  back,  which  becomes  changed  to  a  muddy  tinge 
when  they  enter  rivers.  After  these  fish  have  passed  into  the 
fresh  waters  for  the  purpose  of  breeding,  numerous  orange 
streaks  appear  in  the  cheeks  of  the  male,  and  also  spots  or 
even  marks  of  the  same,  and  likewise  of  a  red  color,  on  the  body. 
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It  is  now  termed  a  *redfish.'  The  female,  however,  is  dark 
in  color  and  known  as  *blackfish.'  *Smolts '  (young  river  fish) 
are  bltdsh  along  the  upper  half  of  the  body,  silvery  along  the 
sides,  due  to  a  layer  of  silvery  scales  being  formed  over  the 
trout-like  colors,  while  they  have  darker  fins  than  the  yearling 
*ping,'  but  similar  bands  and  spots,  which  can  be  seen  (as 
in  the  parr)  if  the  example  be  held  in  certain  positions  of  light. 
*Parr'  (fishes  of  the  year)  have  two  or  three  black  spots  only 
on  the  opercle,  and  black  spots  and  also  orange  ones  along  the 
upper  half  of  the  body,  and  no  dark  ones  below  the  lateral  line, 
although  there  may  be  orange  ones  which  can  be  seen  in  its 
coiu^e.  Along  the  side  of  the  body  are  a  series  (12  to  15)  of 
transverse  bluish  bands,  wider  than  the  ground  color  and  crossing 
the  lateral  line,  while  in  the  upper  half  of  the  body  the  darker 
color  of  the  back  forms  an  arch  over  each  of  these  bands,  a 
row  of  spots  along  the  middle  of  the  rayed  dorsal  fin,  and  the 
adipose  orange-tipped." 

The  dusky  cross-shades  fotmd  in  the  young  salmon  or  parr 
are  characteristic  of  the  yotmg  of  salmon,  trout,  grayling,  and 
nearly  all  the  other  Salmonidce, 

The  salmon  of  the  Atlantic  is,  as  already  stated,  an  anadro- 
mous  fish,  spending  most  of  its  life  in  the  sea,  and  entering  the 
streams  in  the  fall  for  the  purpose  of  reproduction.  The  time 
of  running  varies  much  in  different  streams  and  also  in  different 
countries.  As  with  the  Pacific  species,  these  salmon  are  not 
easily  discouraged  in  their  progress,  leaping  cascades  and  other 
obstructions,  or,  if  these  prove  impassable,  dying  after  repeated 
fruitless  attempts. 

The  young  salmon,  known  as  the  **parr,"  is  hatched  in  the 
spring.  It  usually  remains  about  two  years  in  the  rivers,  de- 
scending at  about  the  third  spring  to  the  sea,  when  it  is  known 
as  **  smolt."  In  the  sea  it  grows  much  more  rapidly,  and  becomes 
more  silvery  in  color,  and  is  known  as  ** grilse.**  The  grilse 
rapidly  develop  into  the  adult  salmon ;  and  some  of  them,  as  in 
the  case  with  the  grilse  of  the  Pacific  salmon,  are  capable  of 
reproduction. 

After  spawning  the  salmon  are  very  lean  and  unwholesome 
in  appearance,  as  in  fact.  They  are  then  known  as  **kelts.** 
The  Atlantic  salmon  does  not  ascend  rivers  to  any  such  dis- 
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tances  as  those  traversed  by  the  quinnat  and  the  blue-back. 
Its  kelts,  therefore,  for  the  most  part  survive  the  act  of  spawn- 
ing. Dr.  Day  thinks  that  they  feed  upon  the  young  sahnon  in  the 
rivers,  and  that,  therefore,  the  destruction  of  the  kelts  might 
increase  the  supply  of  salmon. 

As  a  food-fish  the  Atlantic  salmon  is  very  similar  to  the 
quinnat  salmon,  neither  better  nor  worse,  so  far  as  I  can  see, 
when  equally  fresh.  In  both  the  flesh  is  rich  and  finely  flavored ; 
but  the  appetite  of  man  becomes  cloyed  with  salmon-flesh  sooner 
than  with  that  of  whitefish,  smelt,  or  charr.  In  size  the  Atlan- 
tic salmon  does  not  fall  far  short  of  the  quinnat.  The  average 
weight  of  the  adult  is  probably  less  than  fifteen  pounds.  The 
largest  one  of  which  I  find  a  record  was  taken  on  the  coast  of 
Ireland  in  1881,  and  weighed  84!  pounds. 

The  salmon  is  fotmd  in  Europe  between  the  latitude  of  45® 
and  75°.  In  the  United  States  it  is  now  rarely  seen  south  of 
Cape  Cod,  although  formerly  the  Hudson  and  numerotis  other 
rivers  were  salmon-streams.  Overfishing,  obstructions  in  the 
rivers,  and  pollution  of  the  water  by  manufactories  and  by 
city  sewage  are  agencies  against  which  the  salmon  cannot  cope. 

Seven  species  of  salmon  (as  distinguished  from  trout)  are 
recognized  by  Dr.  Gunther  in  Europe,  and  three  in  America. 
The  landlocked  forms,  abtmdant  in  Norway,  Sweden,  and 
Maine,  which  cannot,  or  at  least  do  not,  descend  to  the  sea,  are 
regarded  by  him  as  distinct  species.  **The  question,"  observes 
Dr  Gunther,  **  whether  any  of  the  migratory  species  can  be 
retained  by  artificial  means  in  fresh  water,  and  finally  accom- 
modate themselves  to  a  permanent  sojourn  therein,  must  be 
negatived  for  the  present/'  On  this  point  I  think  that  the 
balance  of  evidence  leads  to  a  different  conclusion.  These 
fresh-water  forms  (Sebago  and  Ouananiche)  are  actually  salmon 
which  have  become  landlocked.  I  have  compared  ntmierotis 
specimens  of  the  common  landlocked  salmon  (Saltno  salar 
sebago)  of  the  lakes  of  Maine  and  New  Brunswick  with  land- 
locked salmon  {Salmo  salar  hardini)  from  the  lakes  of  Sweden, 
and  with  numerous  migratory  salmon,  both  from  America  and 
Europe.  I  see  no  reason  for  regarding  them  as  specifically 
distmct.  The  differences  are  very  trivial  in  kind,  and  not 
greater  than  would  be  expected  on  the  hypothesis  of  recent 
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adaptation  of  the  salmon  to  lake  Ufe.  We  have  therefore  on 
our  Atlantic  coast  but  one  species  of  salmon,  Salmo  salar.  The 
landlocked  form  of  the  lakes  of  Maine  is  Salmo  salar  sebago. 
The  Ouananiche  of  Lake  St.  John  and  the  Saguenay,  beloved  of 
anglers,  is  Salmo  salar  ouananiche. 

The  Ouananiche. — Dr.  Henry  Van  Dyke  writes  thus  of  the 
Ouananiche:  **  But  the  prince  of  the  pool  was  the  fighting 
Ouananiclie,  the  little  salmon  of  St.  John.  Here  let  me  chant 
thy  praise,  thou  noblest  and  most  high-minded  fish,  the  cleanest 
feeder,  the  merriest  liver,  the  loftiest  leaper,  and  the  bravest 
warrior  of  all  creatures  that  swim!  Thy  cousin,  the  trout,  in 
his  purple  and  gold  with  crimson  spots,  wears  a  more  splendid 
armor  than  thy  russet  and  silver  mottled  with  black,  but  thine 
is  the  kinglier  nature. 

"  The  old  salmon  of  the  sea  who  begat  thee  long  ago  in  these 
inland  waters  became  a  backslider,  descending  again  to  the 
ocean,  and  grew  gross  and  heavy  with  coarse  feeding.  But  thou, 
unsalted  salmon  of  the  foaming  floods,  not  landlocked  as  men  call 
thee,  but  choosing  of  thine  own  free  will  to  dwell  on  a  loftier 
level  in  the  pure,  swift  current  of  a  living  stream,  hath  grown 
in  grace  and  risen  to  a  better  life. 

**Thou  art  not  to  be  measured  by  quantity  but  by  quality, 
and  thy  five  poimds  of  pure  vigor  will  outweigh  a  score  of 
potmds  of  flesh  less  vitalized  by  spirit.  Thou  feedest  on  the 
flies  of  the  air,  and  thy  food  is  transformed  into  an  aerial  passion 
for  flight,  as  thou  springest  across  the  pool,  vaulting  toward  the 
sky.  Thine  eyes  have  grown  large  and  keen  by  piercing  through 
the  foam,  and  the  feathered  hook  that  can  deceive  thee  must 
be  deftly  tied  and  delicately  cast.  Thy  tail  and  fins,  by  cease- 
less conflict  with  the  rapids,  have  broadened  and  strengthened, 
so  that  they  can  flash  thy  slender  body  like  a  living  arrow  up 
the  fall.  As  Launcelot  among  the  knights,  so  art  thou  among 
the  fish,  the  plain-armored  hero,  the  sunburnt  champion  of  all 
the  water-folk." 

Dr.  Francis  Day,  who  has  very  thoroughly  studied  these 
fishes,  takes,  in  his  memoir  on  **The  Fishes  of  Great  Britain 
and  Ireland,'*  and  in  other  papers,  a  similar  view  in  regard 
to  the  European  species.  Omitting  the  species  with  permanent 
teeth  on  the  shaft  of   the  vomer   (subgenus  Salar),   he  finds 
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among  the  salmon  proper  only  two  species,  Salmo  salar  and 
Saltno  trutta.  The  latter  species,  the  sea-trout  or  salmon-trout 
of  England  and  the  estuaries  of  northern  Europe,  is  similar  to 
the  salmon  in  many  respects,  but  has  rather  smaller  scales, 
there  being  fourteen  in  an  oblique  series  between  the  adipose 
fin  and  the  lateral  line.  It  is  not  so  strong  a  fish  as  the  salmon, 
nor  does  it  reach  so  large  a  size.  Although  naturally  anadro- 
mous,  like  the  true  salmon,  landlocked  forms  of  the  salmon- 
trout  are  not  uncommon.  These  have  been  usually  regarded 
as  different  species,  while  aberrant  or  intermediate  individuals 
are  usually  regarded  as  hybrids.  The  salmon- trout  of  Europe 
have  many  analogies  with  the  steelhead  of  the  Pacific. 

The  present  writer  has  examined  many  thousands  of  Ameri- 
can SalmonidcB,  both  of  Oncorhynchus  and  Salmo.  While  many 
variations  have  come  to  his  attention,  and  he  has  been  com- 
pelled more  than  once  to  modify  his  views  as  to  specific  dis- 
tinctions, he  has  never  yet  seen  an  individual  which  he  had 
the  slightest  reason  to  regard  as  a  **  hybrid/*  It  is  certainly 
illogical  to  conclude  that  every  specimen  which  does  not  corre- 
spond to  our  closet-formed  definition  of  its  species  must  therefore 
be  a  ** hybrid**  with  some  other.  There  is  no  evidence  worth 
mentioning,  known  to  me,  of  extensive  hybridization  in  a  state 
of  nature  in  any  group  of  fishes.  This  matter  is  much  in  need 
of  further  study;  for  what  is  true  of  the  species  in  one  region, 
in  this  regard,  may  not  be  true  of  others.     Dr.  Giinther  observes : 

''Johnson,  a  correspondent  of  Willughby,  had  already  ex- 
pressed his  belief  that  the  different  salmonoids  interbreed; 
and  this  view  has  since  been  shared  by  many  who  have  ob- 
served these  fishes  in  nature.  Hybrids  between  the  sewin 
{Salmo  trutta  cambricus)  and  the  river-trout  {Salmo  fario)  were 
numerous  in  the  Rhymney  and  other  rivers  of  South  Wales 
before  salmonoids  were  almost  exterminated  by  the  pollutions 
allowed  to  pass  into  these  streams,  and  so  variable  in  their 
characters  that  the  passage  from  one  species  to  the  other  could 
be  demonstrated  in  an  almost  unbroken  series,  which  might 
induce  some  naturalists  to  regard  both  species  as  identical. 
Abundant  evidence  of  a  similar  character  has  accumulated, 
showing  the  frequent  occurrence  of  hybrids  between  Salmo 
fario  and  5.  trutta,  ...  In  some  rivers  the  conditions  appear 
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to  be  more  favorable  to  hybridism  than  in  others  in  which 
hybrids  are  of  comparatively  rare  occtirrence.  Hybrids  be- 
tween the  salmon  and  other  species  are  very  scarce  everywhere." 

Very  similar  to  the  European  Salmo  trutta  is  the  trout  of  Japan 
{Salmo  perryi),  the  young  called  yamabe,  the  adult  kawamasu, 
or  river-salmon.  This  species  abounds  everywhere  in  Japan, 
the  yotmg  being  the  common  trout  of  the  brooks,  black-spotted 
and  crossed  by  parr-marks,  the  adult  reaching  a  weight  of  ten 
or  twelve  pounds  in  the  larger  rivers  and  descending  to  the  sea. 
In  Kamchatka  is  another  large,  black-spotted,  salmon-like 
species  properly  to  be  called  a  salmon-trout.  This  is  Salmo 
mykisSy  a  name  very  wrongly  applied  to  the  cutthroat  trout  of 
the  Coltmibia. 

The  black-spotted  trout,  forming  the  subgentis  Salar,  differ 
from  Salmo  salar  and  Salm^  trutta  in  the  greater  develop- 
ment of  the  vomerine  teeth,  which  are  persistent  throughout 
life,  in  a  long  double  series  on  the  shaft  of  the  vomer.  About 
seven  species  are  laboriously  distinguished  by  Dr.  Gunther 
in  the  waters  of  western  Europe.  Most  of  these  are  regarded 
by  Dr.  Day  as  varieties  of  Salmo  fario.  The  latter  species, 
the  common  river-trout  or  lake-trout  of  Europe,  is  fotmd  through- 
out northern  and  central  Europe,  wherever  suitable  waters 
occur.  It  is  abundant,  gamy,  takes  the  hook  readily,  and  is 
excellent  as  food.  It  is  more  hardy  than  the  different  species 
of  charr,  although  from  an  aesthetic  point  of  view  it  must  be 
regarded  as  inferior  to  all  of  the  Salvelini,  The  largest  river- 
trout  recorded  by  Dr.  Day  weighed  twenty-one  pounds.  Such 
large  individuals  are  usually  found  in  lakes  in  the  north,  well 
stocked  with  smaller  fishes  on  which  trout  may  feed.  Far- 
ther south,  where  the  surroundings  are  less  favorable  to  trout- 
life,  they  become  mature  at  a  length  of  less  than  a  foot,  and  a 
weight  of  a  few  ounces.  These  excessive  variations  in  the  size 
of  individuals  have  received  too  little  notice  from  students  of 
Salmonid(£.  Similar  variations  occur  in  all  the  non-migratory 
species  of  Salmo  and  of  Salveltnus.  Numerous  river-trout  have 
been  recorded  from  northern  Asia,  but  as  yet  nothing  can  be 
definitely  stated  as  to  the  number  of  species  actually  existing. 

The  Black-spotted  Trout. — In  North  America  only  the  re- 
gion west  of  the  Mississippi  Valley,  the  streams  of  southeastern 
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Alaska,  and  the  valley  of  Mackenzie  River  have  species  of 
black-spotted  trout.  There  are  few  of  these  north  of  Sitka  in 
Alaska,  although  black-spotted  trout  are  occasionally  taken  on 
Kadiak  and  about  Bristol  Bay,  and  none  east  of  the  Rocky 
Mountain  region.  If  we  are  to  follow  the  usage  of  the  names 
"  salmon  "  and  "  trout "  which  prevails  in  England,  we  should 
say  that,  in  America,  it  is  only  these  western  regions  which 
have  any  trout  at  all.  Of  the  ntunber  of  species  (about  twenty- 
five  in  all)  which  have  been  indicated  by  authors,  certainly  not 
more  than  about  8  to  10  can  possibly  be  regarded  as  distinct 
species.  The  other  names  are  either  useless  synonyms,  or  else 
they  have  been  applied  to  local  varieties  which  pass  by  d^^rees 
into  the  ordinary  types. 

The  Trout  of  Western  America. — In  the  western  part  of  America 
are  found  more  than  a  score  of  forms  of  trout  of  the  genus  Salmo, 
all  closely  related  and  diffictilt  to  distinguish.  There  are  represen- 
tatives in  the  headwaters  of  the  Rio  Grande,  Arkansas,  South 
Platte,  Missouri,  and  Colorado  rivers ;  also  in  the  Great  Salt  Lake 
basin,  throughout  the  Coltunbia  basin,  in  all  suitable  waters  from 
southern  California  and  Chihuahua  to  Sitka,  and  even  to  Bristol 
Bay,  similar  forms  again  appearing  in  Elamchatka  and  Japan. 

Among  the  various  more  or  less  tangible  species  that  may 
be  recognized,  three  distinct  series  appear.  These  have  been 
termed  the  cutthroat-trout  series  (allies  of  Salmo  clarkii)^  the 
rainbow-trout  series  (allies  of  Salmo  irideus),  and  the  steel- 
head  series  (allies  of  Salmo  rivularis,  a  species  more  usually  but 
wrongly  called  Salmo  gairdneri) . 

The  steelhead,  or  rivularis  series,  is  fotmd  in  the  coastwise 
streams  of  California  and  in  the  streams  of  Oregon  and  Washing- 
ton, below  the  great  Shoshone  Falls  of  Snake  River,  and  north- 
ward in  Alaska  along  the  mainland  as  far  as  Skaguay.  The 
steelhead-trout  reach  a  large  size  (10  to  20  poxmds).  They 
spend  a  large  part  of  their  life  in  the  sea.  In  all  the  true  steel- 
heads  the  head  is  relatively  very  short,  its  length  being  contained 
about  five  times  in  the  distance  from  tip  of  snout  to  base  of 
caudal  fin.  The  scales  in  the  steelhead  are  always  rather  small, 
about  150  in  a  linear  series,  and  there  is  no  red  imder  the  throat. 
The  spots  on  the  dorsal  fin  are  fewer  in  the  steelhead  (4  to  6 
rows)  than  in  the  other  American  trout. 
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The  rainbow  forms  are  chiefly  confined  to  the  streams  of 
California  and  Oregon.  In  these  the  scales  are  large  (about  135 
in  a  lengthwise  series)  and  the  head  is  relatively  large,  forming 
nearly  one -fourth  of  the  length  to  base  of  caudal.  These  enter 
the  sea  only  when  in  the  small  coastwise  streams.  Usually 
they  have  no  red  under  the  throat.  The  cutthroat  forms  are 
found  from  Humboldt  Bay  northward  as  far  as  Sitka,  in 
the  coastwise  streams  of  northern  California,  Oregon,  Wash- 
ington, and  Alaska,  and  all  the  clear  streams  on  both  sides 
of  the  Rocky  Mountains,  and  in  the  Great  Basin  and  the 
headwaters  of  the  Colorado.  The  cutthroat-trout  have  the 
scales  small,  about  180,  and  there  is  always  a  bright  dash  of 
orange-red  on  each  side  concealed  beneath  the  branches  of  the 
lower  jaw.  Along  the  western  slope  of  the  Sierra  Nevada  there 
are  also  forms  of  trout  with  the  general  appearance  of  rainbow- 
trout  and  evidently  belonging  to  that  species,  but  with  scales 
intermediate  in  nimiber  (in  McCloud  River),  var.  shasta,  or  with 
scales  as  small  as  in  the  typical  cutthroat  (Kern  River),  var. 
gilberti.  In  these  small-scaled  forms  more  or  less  red  appears 
below  the  lower  jaw,  and  they  are  doubtless  what  they  appear  to 
be,  really  intermediate  between  clarkii  and  irideus,  although 
certainly  nearest  the  latter.  A  similar  series  of  forms  occurs  in 
the  Columbia  basin,  the  upper  Snake  being  inhabited  by  clarkii 
and  the  lower  Snake  by  clarkii  and  rivularis,  together  with  a 
medley  of  forms  apparently  intermediate. 

It  seems  probable  that  the  American  trout  originated  in 
Asia,  extended  its  range  to  southeast  Alaska,  thence  southward 
to  the  Fraser  and  Columbia,  thence  to  the  Yellowstone  and 
the  Missouri  via  Two-Ocean  Pass ;  from  the  Snake  River  to  the 
Great  Basins  of  Utah  and  Nevada;  from  the  Missouri  south- 
ward to  the  Platte  and  the  Arkansas,  thence  from  the  Platte 
to  the  Rio  Grande  and  the  Colorado,  and  then  from  Oregon 
southward  coastwise  and  along  the  Sierras  to  northern  Mexico, 
thence  northward  and  coastwise,  the  sea-running  forms  passing 
from  stream  to  stream. 

Of  the  American  species  the  rainbow  trout  of  California 
{Salmo  irideus)  most  nearly  approaches  the  European  Salmo 
fario.  It  has  the  scales  comparatively  large,  although  rather 
smaller  than  in  Salmo  fario,  the  usual  number  in  a  longitudinal 
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series  being  about  135,  The  mouth  is  smaller  than  in  other 
American  trout;  the  maxillary,  except  in  old  males,  rarely 
extending  beyond  the  eye.  The  caudal  fin  is  well  forked, 
becoming  in  very  old  fishes  more  nearly  truncate.  The  head 
is  relatively  large,  about  four  times  in  the  total  length.  The 
size  of  the  head  forms  the  beit  distinctive  character.  The 
color,  as  in  all  the  other  species,  is  bluish,  the  sides  silvery  in 
the  males,  with  a  red  lateral  band,  and  reddish  and  dusky 
blotches.  The  head,  back,  and  upper  fins  are  sprinkled  with 
round  black  spots,  which  are  very  variable  in  number,  those 
on  the  dorsal  usually  in  about  nine  rows.    In  specimens  taken 


in  the  sea  this  species,  like  most  other  trout  in  similar  con- 
ditions, is  bright  silvery,  and  sometimes  immaculate.  This 
species  is  especially  characteristic  of  the  waters  of  California. 
It  abounds  in  every  clear  brook,  from  the  Mexican  line  north- 
ward to  Mount  Shasta,  or  beyond,  the  species  passing  in  the 
Columbia  region  by  degrees  into  the  species  or  form  known  as 
Salmo  masoni,  the  Oregon  rainbow  trout,  a  small  rainbow  trout 
common  in  the  forest  streams  of  Oregon,  with  smaller  mouth  and 
fewer  spots  on  the  dorsal.  No  true  rainbow  trout  have  been 
anywhere  obtained  to  the  eastward  of  the  Cascade  Range  or 
of  the  Sierra  Nevada,  except  as  artificially  planted  in  the  Tru- 
ckee  River,  The  species  varies  much  in  size;  specimens  from 
northern  California  often  reach  a  weight  of  six  pounds,  while 
in  the  streams  above  Tia  Juana  in  Lower  California  the  south- 
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ernmost  locality  from  which  I  have  obtained  trout,  they  seldom 
exceed  a  lengtb  of  six  inches.  Although  not  usually  an  ana- 
dromous  species,  the  rainbow  trout  frequently  moves  about  in 
the  rivers,  and  it  often  enters  the  sea,  large  sea-run  specimens 
b«ng  often  taken  for  steelheads.  Several  attempts  have  been 
made  to  introduce  it  in  Eastern  streams,  but  it  appears  to  seek 
the  sea  when  it  is  lost.  It  is  apparently  more  hardy  and 
less' greedy  than  the  American  charr,  or  brook-trout  (Salvelinus 


fontinalis).  On  the  other  hand,  it  is  distinctly  inferior  to  the 
latter  in  beauty  and  in  gaminess. 

In  the  Kings  and  Kern  rivers  of  California  occurs  a  beautiful 
trout,  Salmo  gilberH.  a  variant  of  Salmo  irideiis,  but  with  smaller 
scales.  In  isolated  streams  mth  a  bottom  of  red  granite  at  the 
head-waters  of  the  Kern  are  three  species  called  "golden  trout," 
ail  small  and  all  brilliantly  colored,  each  of  the  species  being 
independently  derived  from  Salmo  gilbcrit,  the  special  traits 
fixed  through  isolation.  These  species  are  Salmo  agiiabotiita 
Jordan,  of  the  South  Fork  of  the  Kem,  Salmo  roosei'elti  Ever- 
mann  of  Volcano  Creek,  and  Salmo  whitei  Evermann  of  Soda 
Creek.  These  rank  with  the  most  beautiful  of  all  the  many 
forms  of  trout,  in  which  ^oup  their  coloration  is  quite  unique. 

In   beauty  of   color,   gracefulness  of  form  and    movement 
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sprightliness  when  in  the  water,  reckless  dash  with  which  it 
springs  from  the  water  to  meet  the  descending  fly  ere  it  strikes 
the  surface,  and  the  mad  and  repeated  leaps  from  the  water 
when  hooked,  the  rainbow  trout  must  ever  hold  a  very  high  rank. 
"Thegamest  fish  we  have  ever  seen,"  writes  Dr.  Evermann,  "was 
a  16-inch  rainbow  taken  on  a  fly  in  a  small  spring  branch  tribu- 
tary of  Williamson  River  in  southern  Oregon.  It  was  in  a 
broad  and  deep  pool  of  exceedingly  clear  water.  As  the  angler 
from  behind  a  clump  of  willows  made  the  cast  the  trout  botmded 
from  the  water  and  met  the  fly  in  the  air  a  foot  or  more  above 
the  surface;  missing  it,  he  dropped  upon  the  water,  only  to 
turn  about  and  strike  viciously  a  second  time  at  the  fly  just  as 
it  touched  the  surface;  though  he  again  missed  the  fly,  the 
hook  caught  him  in  the  lower  jaw  from  the  outside,  and  then 
began  a  fight  which  would  delight  the  heart  of  any  angler.  His 
first  effort  was  to  reach  the  bottom  of  the  pool,  then,  doubling 
upon  the  line,  he  made  three  jumps  from  the  water  in  quick 
succession,  clearing  the  surface  in  each  instance  from  one  to 
foiu*  feet,  and  every  time  doing  his  utmost  to  free  himself  from 
the  hook  by  shaking  his  head  as  vigorously  as  a  dog  shakes  a 
rat.  Then  he  would  rush  wildly  about  in  the  large  pool,  now 
attempting  to  go  down  over  the  riffle  below  the  pool,  now 
trying  the  opposite  direction,  and  often  striving  to  hide  tmder 
one  or  the  other  of  the  banks.  It  was  easy  to  handle  the  fish 
when  the  dash  was  made  up  or  down  stream  or  for  the  opposite 
side,  but  when  he  turned  about  and  made  a  rush  for  the  protec- 
tion of  the  overhanging  bank  upon  which  the  angler  stood  it 
was  not  easy  to  keep  the  line  taut.  Movements  such  as  these 
were  frequently  repeated,  and  two  more  leaps  were  made.  But 
finally  he  was  worn  out  after  as  honest  a  fight  as  trout  ever 
made." 

**The  rainbow  takes  the  fly  so  readily  that  there  is  no  reason 
for  resorting  to  grasshoppers,  salmon-eggs,  or  other  bait.  It  is 
a  fish  whose  gaminess  will  satisfy  the  most  exacting  of  expert 
anglers  and  whose  readiness  to  take  any  proper  line  will  please 
the  most  impatient  of  inexperienced  amateurs." 

The  steelhead  {Salmo  rividaris)  is  a  large  trout,  reaching 
twelve  to  twenty  pounds  in  weight,  found  abundantly  in  river 
estuaries  and  sometimes  in  lakes  from  Lynn  Canal  to  Santa 
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The  spent  fish  abound  in  the  rivers  in  spring  at  the 
time  of  the  salmon-run.  The  species  is  rarely  canned,  but  is 
valued  for  shipment  in  cold  storage.  Its  bones  are  much  more 
firm  than  those  of  the  salmon — a  trait  unfavorable  for  canning 
purposes.  The  flesh  when  n^t  spent  after  spawning  is  excellent. 
The  steelhead  docs  not  die  after  spawning,  as  all  the  Pacific 
salmon  do. 

It  is  thought  by  some  anglers  that  the  young  fish  hatched 
in  the  brooks  from  eggs  of  the  steelhead  remain  in  mountain 
streams  from  six  to  thirty-six  months,  going  down  to  the  sea 
with  the  high  waters  of  spring,  after  which  they  return  to  spawn 
as  typical  steelhead  trout.  I  now  regard  this  view  as  un- 
founded. In  my  experience  the  rainbow  and  the  steelhead  are 
always  distinguishable:  the  steelhead  abounds  where  the  rain- 


. — steelhead  Trout,  Salmo  rivularit  Ayres.    Columbia  River. 


bow  trout  is  unknown;  the  scales  in  the  steelhead  are  always 

smaller    (about   155}    than  in   typical    rainbow  trout;    finally, 
the  small  size  of  the  head  in  the  steelhead  is  always  distinctive. 

The  Kamloops  trout,  described  by  the  writer  from  the  upper 
Columbia,  seems  to  be  a  typical  steelhead  as  found  well  up  the 
rivers  away  from  the  sea.  Derived  from  the  steelhead,  but 
apparently  quite  distinct  from  it,  are  three  very  noble  trout, 
all  confined  so  far  as  yet  known  to  Lake  Crescent  in  northwestern 
Washington.  These  are  the  crescent  trout,  Salmo  crescentis, 
the  Beardslee  trout,  Salmo  beardsleei,  and  the  long-headed  trout, 
Salmo  bathcBceior.  The  first  two,  discovered  by  Admiral  L.  A. 
Beardslee,  are  trout  of  peculiar  attractiveness  and  excellence. 
The  third  is  a  deep-water  form,  never  rising  to  the  surface, 
and  caught  only  on  set  lines.  Its  origin  is  still  uncertain,  and 
it  may  be  derived  from  some  type  other  than  the  steelhead. 
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Cutthroat  or  Red-throated  Trout.  —  This  species  has  much 
smaller  scales  than  the  rainbow  trout  or  steelhead,  the  usual 
niunber  in  a  longitudinal  series  being  160  to  170.  Its  head  is 
longer  (about  four  times  in  length  to  base  of  caudal).  Its 
mouth  is  proportionately  larger,  and  there  is  always  a  narrow 
band  of  small  teeth  on  the  hyoid  bone  at  the  base  of  the  tongue. 
These  teeth  are  always  wanting  in  Salmo  irideus  and  rivularis 
in  which  species  the  rim  of  the  tongue  only  has  teeth.  The 
color  in  Salmo  clarkii  is,  as  in  other  species,  exceedingly  variable. 
In  life  there  is  always  a  deep-red  blotch  on  the  throat,  between 
the  branches  of  the  lower  jaw  and  the  membrane  connecting 
them.  This  is  not  found  in  other  species,  or  is  reduced  to  a 
narrow  strip  or  pinkish  shade.  It  seems  to  be  constant  in 
all  varieties  of  Salmo  clarkii,  at  all  ages,  thus  furnishing  a  good 
distinctive  character.  It  is  the  sign  manual  of  the  Sioux  Indians, 
and  the  anglers  have  already  accepted  from  this  mark  the  name 
of  cutthroat- trout.  The  cutthroat-trout  of  some  species  is 
fotmd  in  every  suitable  river  and  lake  in  the  great  basin  of 
Utah,  in  the  streams  of  Colorado,  Wyoming,  and  Montana,  on 
both  sides  of  the  Rocky  Moimtains.  It  is  also  found  throughout 
Oregon,  Washington,  Idaho,  British  Columbia,  the  coastwise 
islands  of  southeastern  Alaska  (Baranof,  etc.),  to  Kadiak  and 
Bristol  Bay,  probably  no  stream  or  lake  statable  for  trout-life 
being  without  it.  In  California  the  species  seems  to  be  com- 
paratively rare,  and  its  range  rarely  extending  south  of  Cape 
Mendocino.  Large  sea-run  individuals  analogous  to  the  steelheads 
are  sometimes  found  in  the  mouth  of  the  Sacramento.  In  Wash- 
ington and  Alaska  this  species  regularly  enters  the  sea.  In  Puget 
Sound  it  is  a  common  fish.  These  sea-run  individuals  are  more 
silvery  and  less  spotted  than  those  found  in  the  mountain  streams 
and  lakes.  The  size  of  Salmo  clarkii  is  subject  to  much  variation. 
Ordinarily  four  to  six  pounds  is  a  large  size;  but  in  certain 
favored  waters,  as  Lake  Tahoe,  and  the  fjords  of  southeastern 
Alaska,  specimens  from  twenty  to  thirty  potmds  are  occasionally 
taken. 

Those  species  or  individuals  dwelling  in  lakes  of  considerable 
size,  where  the  water  is  of  such  temperature  and  depth  as  in- 
sures an  ample  food-supply,  will  reach  a  large  size,  while  those 
in  a  restricted  environment,  where  both  the  water  and  food  are 
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limited,  will  be  small  directly  in  proportion  to  these  environing 
restrictions.  The  trout  of  the  Klamath  Lakes,  for  example,  reach 
a  weight  of  at  least  1 7  pounds,  while  in  Fish  Lake  in  Idaho  mature 
trout  do  not  exceed  8  to  9J  inches  in  total  length  or  one-fotuth 
pound  in  weight.  In  small  creeks  in  the  Sawtooth  Motmtains 
and  elsewhere  they  reach  maturity  at  a  length  of  5  or  6  inches, 
and  are  often  spoken  of  as  brook-trout  and  with  the  impression 
that  they  are  a  species  different  from  the  larger  ones  foimd  in 
the  lakes  and  larger  streams.  But  as  all  sorts  and  gradations 
between  these  extreme  forms  may  be  found  in  the  intervening 
and  connecting  waters,  the  differences  are  not  even  of  sub- 
specific  significance. 

Dr.  Evermann  observes:  '*The  various  forms  of  cutthroat- 
trout  vary  greatly  in  game  qualities;  even  the  same  subspecies 
in  different  waters,  in  different  parts  of  its  habitat,  or  at  different 


Fig.  233  Fio  234 

Fio.  28'J.— Head  of  adull  Trout-worm,  Dib  thrium  c  rdice-ns  Leidy,  a  parasite  of 
Salmo  clarkii.  From  intestine  of  white  pelican,  Yellowstone  Lake  (After 
Linton.) 

Fig.  284. — Median  segments  of  Dib  thrium  c.rdicepa. 

seasons,  will  vary  greatly  in  this  regard.  In  general,  however, 
it  is  perhaps  a  fair  statement  to  say  that  the  cutthroat-trout 
are  regarded  by  anglers  as  being  inferior  in  gaminess  to  the 
Eastern  brook-trout.  But  while  this  is  true,  it  must  not  by  any 
means  be  inferred  that  it  is  without  game  qualities,  for  it  is 
really  a  fish  which  possesses  those  qualities  in  a  very  high  degree. 
Its  vigor  and  voraciousness  are  determined  largely,  of  course, 
by  the  character  of  the  stream  or  lake  in  which  it  lives.  The 
individuals  which  dwell  in  cold  streams  about  cascades  and 
seething  rapids  will  show  marvelous  strength  and  will  make  a 
fight  which  is  rarely  equaled  by  its  Eastern  cousin;  while  in 
warmer  and  larger  streams  and  lakes  they  may  be  very  sluggish 
and  show  but  little  fight.  Yet  this  is  by  no  means  always  true. 
In  the  Klamath  Lakes,  where  the  trout  grow  very  large  and 
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where  they  are  often  very  logy,  one  is  occasionally  hooked 
which  tries  to  liie  utmost  the  skill  of  the  angler  to  prevent  his 
tackle  from  being  smashed  and  at  the  same  time  save  the  fish." 

Of  the  various  forms  derived  from  Salmo  clarkii  some  mere 
varieties,  some  distinct  species,  the  following  are  among  the 
most  marked: 

Salmo  henskawi,  the  trout  of  Lake  Tahoe  and  its  tributaries 
and  outlet,  Truckee  River,  found  in  fact  also  in  the  Humboldt 


Fia.  3SQ.— Tahoe  Trent.  Salmo  heruhawi  Gill  &  Jordan.       Lake  Tahoe,  California. 


and  the  Carson  and  throughout  the  basin  of  the  former  glacial 
lake  called  Lake  Lahontan.  This  is  a  distinct  species  from 
Salmo  clarkii  and  must  be  regarded  as  the  finest  of  all  the  cut- 
throat-trout. It  is  readily  known  by  its  spotted  belly,  the 
black  spots  being  evenly  scattered  over  the  whole  surface  of 
the  body,  above  and  below.  This  is  an  excellent  game-fish,  and 
from  Lake  Tahoe  and  Pyramid  Lake  it  is  brought  in  large  num- 
bers to  the  markets  of  San  Francisco.  In  the  depths  of  Lake 
Tahoe,  which  is  the  finest  mountain  lake  of  the  Sierra  Nevada, 
occurs  a  very  large  variety  which  spawns  in  the  lake,  Salmo 
hcnshawi  tahoensis.  This  reaches  a  weight  of  twenty-eight 
pounds. 

In  the  Great  Basin  of  Utah  is  found  a  fine  trout,  very  close 
to  the  ordinary  cutthroat  of  the  Columbia,  from  which  it  is 
derived.  This  is  known  as  Salmo  clarkii  vtrginalis.  In  Utah 
Lake  it  reaches  a  large  size. 

In  Waha  Lake  in  Washington,  a  lake  without  outlet,  is  found 
a  small  trout  with  peculiar  markings  called  Salmo  clarkii  bou- 
vieri. 

In  the  head-waters  of  the  Platte  and  Arkansas  rivers  is  the 
small  green-back  trout,  green  or  brown,  with  red  throat-patch 


and  large  black  spots.     This  is  S<i!mo  clarkii  stontias.  and  it  is 
especially  fine  in  St.  Vrain's  River  and  the  streams  of  Estes  Park, 


FlO,  236  -Green-back  Troul.  Salmn  sfomto;.  Cc.i>e      Arkanaaa  River.  Leadvllle.  Colo. 


In  Twin  Lakes,  a  pair  of  glacial  lakes  tributary  of  the  Arkansas 
near  Leadville,  is  found  Salmo  clarkii  macdonaldi,  the  yellow- 
finned  trout,  a  lai^e  and  very  handsome  species  living  in  deep 
water,  and  with  the  fins  golden  yellow.  This  approaches  the 
Colorado  trout,  Salmo  clarkii  pleuriiicus,  and  it  may  be  derived 


from  the  latter,  although  it  occurs  in  the  same  waters  as  the 
very  different  green-back  trout,  or  Salmo  clarkii  siotnias. 

Two  fine  trout  derived  from  Sahno  clarkii  have  been  lately 
discovered  by  Dr.  Daniel  G.  Elliot  in  Lake  Southerland,  a  moun- 
tain lake  near  Lake  Crescent,  but  not  connected  with  it,  the 
two  separated  from  the  sea  by  high  waterfalls.  These  have 
been  described  by  Dr.  Seth  E.  Meek  as  Salmo  jordani,  the 
"spotted  trout"  of  Lake  Southerland.  and  Salmo  declivifrons, 
the  "salmon-trout."  These  seem  to  be  distinct  forms  or  sub- 
species produced  through  isolation, 
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The  Rio  Grande  trout  (Salmo  clarkii  spilurus)  is  a  large  and 
profusely  spotted  trout,  found  in  the  head-waters  of  the  Rio 


Fla.  SS(i.— Rio  Qrande   Trout,   Salmo   ekiTkii   »pUuru*   Cope.      Dd   Norte,   Colo, 


Grande,  the  mountain  streams  of  the  Great  Basin  of  Utah,  and 
as  far  south  as  the  northern  part  of  Chihuahua.  Its  scales  are 
still  smaller  than  those  of  the  ordinary  cutthroat-trout,  and  the 
black  spots  are  chiefly  confined  to  the  tail.     Closely  related  to 


it  is  the  trout  of  the  Colorado  Basin,  Sabno  clarkn  pleurilicus, 
a  lai^e  and  handsome  trout  with  very  small  scales,  much  sought 
by  anglers  in  western  Colorado,  and  abounding  in  all  suitable 
streams  throughout  the  Colorado  Basin. 

Hucho,  the  Huchen.  —  The  genus  Hiicho  has  been  framed 
for  the  Huchen  or  Rothfisch  (Hticho  hucho)  of  the  Danulje,  a 
very  large  trout,  differing  from  the  genus  Salmo  in  having  no 
teeth  on  the  shaft  of  the  vomer,  and  from  the  Salvelitti  at  least 
in  form  and  coloration.  The  huchen  is  a  long  and  slender, 
somewhat  pike-like  fish,  with  depressed  snout  and  strong  teeth. 
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The  color  is  silvery,  sprinkled  with  small  black  dots.  It  reaches 
a  size  little  inferior  to  that  of  the  salmon,  and  it  is  said  to  be 
an  excellent  food-fish.     In  northern  Japan  is  a  similar  species, 


Fio.  240,— Ito,  Hucho  blackistoni  (Hilgendorf).    Hokkaido,  Japan 


Hucho  blackistoni,  locally  knouTi  as  Ito,  a  lai^e  and  handsome 
trout  with  very  slender  body,  reaching  a  length  of  zj  feet.  It 
is  well  worthy  of  introduction  into  American  and  European 
waters, 

Salvelinus,  the  Cbarr. — The  genus  Salvelinus  comprises  the 
finest  of  the  Salmonidm,  from  the  point  of  view  of  the  angler  or 
the  artist.  In  England  the  species  are  known  as  charr  or  char, 
in  contradistinction  to  the  black-spotted  species  of  Salmo,  which 
are  called  trout.  The  former  name  has  imfortimately  been 
lost  in  America,  where  the  name  "trout"  is  given  indiscrimi- 
nately to  both  groups,  and,  still  worse,  to  numerous  other 
fishes  {MicTOpterus,  Hexagrammos,  Cynoscion,  Agonosiomns) 
wholly  unlike  the  Salmonidce  in  all  respects.  It  is  sometimes 
said  that  "  the  American  brook-trout  is  no  trout,  nothing  but 
a  charr,"  almost  as  though  "charr  "  were  a  word  of  reproach. 
Nothing  higher,  however,  can  be  said  of  a  salmonoid  than  that 
it  is  a  "charr."  The  technical  character  of  the  genus  Salve- 
linus lies  in  the  form  of  its  vomer.  This  is  deeper  than  in  Salmo; 
and  when  the  flesh  is  removed  the  bone  is  found  to  be  somewhat 
boat-shaped  above,  and  with  the  shaft  depressed  and  out  of  the 
line  of  the  head  of  the  vomer.  Only  the  head  or  chevron  is 
armed  with  teeth,  and  the  shaft  is  covered  by  skin. 

In  color  all  the  charrs  differ  from  the  salmon  and  trout. 
The  body  in  all  is  covered  with  round  spots  which  are  paler 
than  the  ground  color,  and  crimson  or  gray.     The  lower  fins  are 
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usually  edged  with  bright  colors.  The  sexual  differences  are 
not  great.  The  scales,  in  general,  are  smaller  than  in  other 
Salmonidte,  and  they  are  imbedded  in  the  skin  to  such  a  degree 
as  to  escape  the  notice  of  casual  observers  and  even  of  most 
anglers. 

"  One  trout  scale  in  the  scales  I  'd  lay 
(If  trout  had  scales),  and  'twill  outweigh 
The  wrong  side  of  the  balances." — Lowell. 

The  charrs  inhabit,  in  general,  only  the  clearest  and  coldest 
of  mountain  streams  and  lakes,  or  bays  of  similar  temperature. 
They  are  not  migratory,  or  only  to  a  limited  extent.  In  northern 
regions  they  descend  to  the  sea,  where  they  grow  much  more 
rapidly  and  assume  a  nearly  uniform  silvery-gray  color.  The 
different  species  are  found  in  all  suitable  waters  throt^hout  the 
northern  parts  of  both  continents,  except  in  the  Rocky  Moun- 
tains and  Great  Basin,  where  only  the  black-spotted  trout 
occur.  The  number  of  species  of  charr  is  very  uncertain,  as, 
both  in  America  and  Europe,  trivial  variations  and  individual 
peculiarities  have  been  raised  to  the  rank  of  species.  More 
types,  however,  seem  to  be  represented  in  America  than  in 
Europe. 

The  only  really  well-authenticated  species  of  charr  in  Euro- 
pean waters  is  the  red  charr,  salbling,  or  ombre  chevalier  (,Salve- 


Fio.  241. — Rangdey  Trout,  Sahelinui 


linus  alpinus).  This  species  is  found  in  cold,  clear  streams  in 
Switzerland,  Germany,  and  throughout  Scandina\'ia  and  the 
British  Islands.  Compared  with  the  American  charr  or  brook- 
trout,  it  is  a  slenderer  fish,  with  smaller  mouth,  longer  fins, 
and  smaller  red  spots,  which  are  confined  to  the  sides  of  the 
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body.  It  is  a  "gregarious  and  deep-swimming  fish,  shy  of 
takhig  the  bait  and  feeding  largely  at  night-time.  It  appears 
to  require  very  pure  and  mostly  deep  water  for  its  residence," 
It  is  less  tenacious  of  life  than  the  trout.  It  reaches  a  we^ht  of 
from  one  to  five  pounds,  probably  rarely  exceeding  the  latter 
in  size.  The  various  charr  described  from  Siberia  are  far  too 
Uttle  known  to  be  enumerated  here. 

Of  the  American  charr  the  one  most  resembUng  the  European 
species  is  the  Rangeley  Lake  trout  {Salvelinus  oqiiassa).  The 
exquisite  httle  fish  is  known  in  the  United  States  only  from 
the  Rangeley  chain  of  lakes  in  western  Maine.  This  is  very 
close  to  the  Greenland  charr,  Salvelinus  stagttalis,  a  beautiful 
species  of  the  far  north.  The  Rangeley  trout  is  much  slenderer 
than  the  common  brook-trout,  with  much  smaller  head  and 
smaller  mouth.  In  life  it  is  dark  blue  above,  and  the  deep-red 
spots  are  confined  to  the  sides  of  the  body.  The  species  rarely 
exceeds  the  length  of  a  foot  in  the  Rangeley  Lakes,  but  in  some 
other  waters  it  reaches  a  much  larger  size.  So  far  as  is  known 
it  keeps  itself  in  the  depths  of  the  lake  until  its  spawning  season 
approaches,  in  October,  when  it  ascends  the  stream  to  spawn. 

Still  other  species  of  this  type  are  the  Sunapee  trout, 
Salvelinus  aureolus,  a  beautiful  charr  almost  identical  with  the 


Fio.  2-12— Hunapi'O  Trout,  Siil'rti 


European  species,  found  in  numerous  pnnil.s  ami  lakes  of  eastern 
New  Hampshire  and  neighboring  parts  of  Maine.  .Mr.  Garman 
regards  this  trout  as  the  olTsprinj;  of  an  imiiortatiun  of  the  ombre 
chevalier  and  not  as  a  native  species,  and  in  this  view  he  may 
be  correct.  Salvelinus  alipcs  of  the  far  north  may  he  the  same 
species.  Another  remarkable  fonn  is  the  Lac  de  Marbre  trout 
of  Canada,  Sah'cliiius  marsloui  of  Gannan. 
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In  Arctic  regions  another  species,  called  Salvelinus  naresi,  is 
very  close  to  Salvelinus  oqiiassa  and  may  be  the  same. 

Another  beautiful  little  charr,  allied  to  Salvelinus  stagnalis, 
is  the  Floebei^  charr  (Salvelinus  arcturus).  This  species  has 
been  brought  from  Victoria  Lake  and  Floebei^  Beach,  in  the 


Fra.  848.— Speckled  Trout  (male),   Salvelinus  fonlinalU   (MitchiU).       New  Yoik. 


extreme  northern  part  of  Arctic   America,   the  northernmost 
point  whence  any  salmonoid  has  been  obtained. 

The  American  charr,  or,  as  it  is  usually  called,  the  brook- 
trout  (Salvelinus  fontinalis),  although  one  of  the  most  beautiful 
of  fishes,  is  perhaps  the  least  graceful  of  all  the  genuine  charrs. 
It  is  technically  distinguished  by  the  somewhat  heavy  head  and 
lai^e  mouth,  the  maxillary  bone  reaching  more  or  less  beyond 
the  eye.  There  are  no  teeth  on  the  hyoid  bone,  traces  at  least 
of  such  teeth  being  found  in  nearly  all  other  species.  Its  color 
is  somewhat  different  from  that  of  the  others,  the  red  spots 
being  lai^e  and  the  black  more  or  less  mottled  and  barred  with 
darker  olive.  The  dorsal  and  caudal  fins  are  likewise  barred 
or  mottled,  while  in  the  other  species  they  are  generally  uniform 
in  color.  The  brook-trout  is  found  only  in  streams  east  of  the 
Mississippi  and  Saskatchewan.  It  occurs  in  all  suitable  streams 
of  the  Alleghany  region  and  the  Great  Lake  system,  from  the 
Chattahoochee  River  in  northern  Georgia  northward  at  least 
to  Labrador  and  Hudson  Bay,  the  northern  limits  of  its  range 
being  as  yetgpt  well  ascertained.  It  varies  greatly  in  size, 
those  found  in  lakes  being 
all   brooks.      Those    found 
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farthest  south,  in  the  head-waters  of  the  Chattahoochee, 
Savannah,  Catawba,  and  French  Broad,  rarely  pass  the  dimen- 
sions of  fingerlings.  The  largest  specimens  are  recorded  from 
the  sea  along  the  Canadian  coast.  These  frequently. reach  a 
weight  of  ten  pounds;  and  from  their  marine  and  migratory 
habits,  they  have  been  regarded  as  forming  a  distinct  variety 
{Salvelinus  fontinalis  immaculatus),  but  this  form  is  merely 
a  sea-rtm  brook-trout.  The  largest  fresh-water  specimens  rarely 
exceed  seven  poimds  in  weight.  Some  unusually  large  brook- 
trout  have  been  taken  in  the  Rangeley  Lakes,  the  largest  known 
to  me  having  a  reputed  weight  of  eleven  potmds.  The  brook- 
trout  is  the  favorite  game-fish  of  American  waters,  preeminent 
in  wariness,  in  beauty,  and  in  delicacy  of  flesh.  It  inhabits  all 
clear  and  cold  waters  within  its  range,  the  large  lakes  and  the 
smallest  ponds,  the  tiniest  brooks  and  the  largest  rivers;  and 
when  it  can  do  so  without  soiling  its  aristocratic  gills  on  the  way, 
it  descends  to  the  sea  and  grows  large  and  fat  on  the  animals  of 
the  ocean.  Although  a  bold  biter  it  is  a  wary  fish,  and  it  often 
requires  much  skill  to  capture  it.  It  can  be  caught,  too,  with 
artificial  or  natural  flies,  minnows,  crickets,  worms,  grasshoppers, 
grubs,  the  spawn  of  other  fish,  or  even  the  eyes  or  cut  pieces  of 
other  trout.  It  spawns  in  the  fall,  from  September  to  late  in 
November.  It  begins  to  reproduce  at  the  age  of  two  years, 
then  having  a  length  of  about  six  inches.  In  spring-time  the 
trout  delight  in  rapids  and  swiftly  rtmning  water;  and  in  the 
hot  months  of  midsummer  they  resort  to  deep,  cool,  and  shaded 
pools.  Later,  at  the  approach  of  the  spawning  season,  they 
gather  around  the  mouths  of  cool,  gravelly  brooks,  whither  they 
resort  to  make  their  beds.* 

The  trout  are  rapidly  disappearing  from  our  streams  through 
the  agency  of  the  manufacturer  and  the  simimer  boarder.  In 
the  words  of  an  excellent  angler,  the  late  Myron  W.  Reed  of 
Denver:  "This  is  the  last  generation  of  trout-fishers.  The 
children  will  not  be  able  to  find  any.  Already  there  are  well- 
trodden  paths  by  every  stream  in  Maine,  in  New  York,  and  in 
Michigan.  I  know  of  but  one  river  in  North  America  by  the 
side  of  which  you  will  find  no  paper  collar  or  other  evidence  of 
civilization.     It  is  the  Nameless  River.     Not  that  trout  will 

♦  Hallock. 


336  Salmonidx 

cease  to  be.  They  will  be  hatched  by  machinery  and  raised 
in  ponds,  and  fattened  on  chopped  liver,  and  grow  flabby  and 
lose  their  spots.  The  trout  of  the  restaurant  will  not  cease  to 
be.  He  is  no  more  like  the  trout  of  the  wild  river  than  the 
fat  and  songless  reedbird  is  like  the  bobolink.  Gross  feeding 
and  easy  pond-life  enervate  and  deprave  him.  The  trout  that 
the  children  will  know  only  by  legend  is  the  gold-sprinlded, 
living  arrow  of  the  white  water;  able  to  zigzag  up  the  cataract; 
able  to  loiter  in  the  rapids;  whose  dainty  meat  is  the  glancing 
butterfly." 

The  brook-trout  adapts  itself  readUy  to  cultivation  in  arti- 
ficial ponds.  It  has  been  successfully  transported  to  Europe, 
and  it  is  already  abundant  in  certain  streams  in  England,  in  Cali- 
fornia, and  elsewhere. 

In  Dublin  Pond,  New  Hampshire,  is  a  gray  variety  without 
red  spots,  called  Salvelinus  agassizi. 

The  "DoUy  Varden"  trout,  or  malma  {Salvelinus  malma),  is 
very  similar  to  the  brook-trout,  closely  resembling  it  in  size,  form, 
color,  and  habits.  It  is  found  always  to  the  westward  of  the 
Rocky  Mountains,  in  the  streams  of  northern  California,  Oregon, 


Washington,  and  British  Columbia,  Alaska,  and  Kamtchatka,  as 
far  as  the  Kurile  Islands.  It  abounds  in  the  sea  in  the  north- 
ward, and  specimens  of  ten  to  twelve  pounds  weight  are  not 
uncommon  in  Puget  Sound  and  especially  in  Alaska.  The  Dolly 
Varden  trout  is,  in  general,  slenderer  and  less  compressed  than 
the  Eastern  brook-trout.  The  red  spots  are  found  on  the  back 
of  the  fish  as  well  as  on  the  sides,  and  the  back  and  upper 
fins  are  without   the  blackish  marblings  and  blotches  seen  in 
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Salvelinus  fontinalts.     In  value  as  food,  in  beauty,  and  in  gami- 
ness  Salvelinus  tnalma  is  very  similar  to  its  Eastern  cousin. 

In  Alaska  the  Dolly  Varden,  locally  known  as  salmon-trout, 
is  very  destructive  to  the  eggs  of  the  salmon,  and  countless 
numbers  are  taken  in  the  salmon-nets  of  Alaska  and  thrown  away 
as  useless  by  the  canners.     In  every  coastwise  stream  of  Alaska 


the  water  fairly  "  boils  "  with  these  trout.  They  are,  however, 
not  found  in  the  Yukon.  In  northern  Japan  occurs  Salvelinus 
pluvius,  the  iwaria,  a  species  very  similar  to  the  Dolly  Varden, 
but  not  so  large  or  so  brightly  colored.  In  the  Kurile  region 
and  Kamtchatka  is  another  large  charr,  Salvelinus  kundscha, 
with  the  spots  large  and  cream-color  instead  of  crimson. 

CriBtivomer,  the  Great  Lake  Trout. — Allied  to  the  true  charrs, 
but  now  placed  by  us  in  a  different  genus,  Cristivomer,  is  the 


Fio.  217.— Great  Lake  Trout,  Criitivomer  luiTnaycuth  (Walbi 


Great  Lake  trout,  otherwise  known  as  Mackinaw  trout,  longe, 
or  togue  {Cristivomer  namaycush).  Technically  this  fish  differs 
from  the  true  charrs  in  having  on  its  vomer  a  raised  crest  behind 
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the  chevron  and  free  from  the  shaft.  This  crest  is  armed  with 
strong  teeth.  There  are  also  large  hooked  teeth  on  the  hyoid 
bone,  and  the  teeth  generally  are  proportionately  stronger  than 
in  most  of  the  other  species.  The  Great  Lake  trout  is  grayish  in 
color,  light  or  dark  according  to  its  surroundings ;  and  the  body 
is  covered  with  roimd  paler  spots,  which  are  gray  instead  of  red. 
The  dorsal  and  caudal  fins  are  marked  with  darker  reticula- 
tions, somewhat  as  in  the  brook-trout.  This  noble  species  is 
found  in  all  the  larger  lakes  from  New  England  and  New  York  to 
Wisconsin,  Montana,  the  Mackenzie  River,  and  in  all  the  lakes 
tributary  to  the  Yukon  in  Alaska.  We  have  taken  examples 
from  Lake  Bennett,  Lake  Tagish,  Summit  Lake  (White  Pass), 
and  have  seen  specimens  from  Lake  La  Hache  in  British 
Columbia.  It  reaches  a  much  larger  size  than  any  Salvelinus, 
specimens  of  from  fifteen  to  twenty  pounds  weight  being  not 
imcommon,  while  it  occasionally  attains  a  weight  of  fifty  to 
eighty  pounds.  As  a  food-fish  it  ranks  high,  although  it  may  be 
regarded  as  somewhat  inferior  to  the  brook-trout  or  the  whitefish. 
Compared  with  other  salmonoids,  the  Great  Lake  trout  is  a  slug- 
gish, heavy,  and  ravenous  fish.  It  has  been  known  to  eat  raw  po- 
tato, liver,  and  corn-cobs, — refuse  thrown  from  passing  steamers. 
According  to  Herbert,  **a  coarse,  heavy,  stiff  rod,  and  a  powerful 
oiled  hempen  or  flaxen  line,  on  a  winch,  with  a  heavy  sinker;  a 
cod-hook,  baited  with  any  kind  of  flesh,  fish,  or  fowl, — is  the  most 
successful,  if  not  the  most  orthodox  or  scientific,  mode  of  cap- 
turing him.  His  great  size  and  immense  strength  alone  give  him 
value  as  a  fish  of  game ;  but  when  hooked  he  pulls  strongly  and 
fights  hard,  though  he  is  a  boring,  deep  fighter,  and  seldom  if 
ever  leaps  out  of  the  water,  like  the  true  salmon  or  brook-trout." 

In  the  depths  of  Lake  Superior  is  a  variety  of  the  Great  Lake 
trout  known  as  the  Siscowet  (Cristivomer  namayciish  siskawitz), 
remarkable  for  its  extraordinary  fatness  of  flesh.  The  cause  of 
this  difference  lies  probably  in  some  peculiarity  of  food  as  yet 
unascertained. 

The  Ayu,  or  Sweetfish.  —  The  ayu,  or  sweetfish,  of  Japan, 
Plecoglosstis  altivelis,  resembles  a  small  trout  in  form,  habits, 
and  scaling.  Its  teeth  are,  however,  totally  different,  being 
arranged  on  serrated  plates  on  the  sides  of  the  jaws,  and  the 
tongue  marked   with   similar  folds.     The  ayu  abounds   in   all 
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clear  streams  of  Japan  and  Fonnosa.     It  runs  up  from  the  sea 
like  a  salmon.     It  reaches  the  lei^h  of  about  a  foot.     The 


flesh  is  very  fine  and  delicate,  scarcely  surpassed  by  that  of 
any  other  fish  whatsoever.  It  should  be  introduced  into  clear 
short  streams  throughout  the  temperate  zones. 

In  the  river  at  Gifu  in  Japan  and  in  some  other  streams 
the  ayu  is  fished  for  on  a  large  scale  by  means  of  tamed  cor- 
morants. This  is  usually  done  from  boats  in  the  night  by  the 
light  of  torches. 

Coraiormt-fiihing. — The  following  account  of  cormorant- 
fishing  is  taken,  by  the  kind  permission  of  Mr.  Caspar  W.  Whit- 
ney', from  an  article  contributed  by  the  writer  to  Outing,  April. 
1902: 

Tam^rawa  means  Jewel  River,  and  no  water  could  be  clearer. 
It  rises  somewhere  up  in  the  delectable  mountains  to  the  eastward 
of  Musashi,  among  the  mysterious  pines  and  green-brown  fir-trees, 
and  it  flows  across  the  plains  bordered  by  rice-fields  and  mul- 
berry orchards  Ut  the  misty  bay  of  Tokj'o.  It  is,  therefore,  a 
river  of  Japan,  and  along  its  shores  are  quaint  old  temples,  each 
guarding  its  section  of  primiti\e  forest,  picturesque  bridges, 
huddling  villagts,  ar.d  Vjrii,  or  gates  through  which  the  gods 
may  pass. 

The  stream  itself  is  none  Uyi  large — a  boy  may  wade  it — but 
it  runs  '■jd  a  wide  lierl,  which  it  wj"  r,ee<l  in  flo^xl-tirr-.e,  when  the 
snow  melts  in  the  motintains.     And  this  br^/ad  ffoo'i-bed  is 
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filled  with  gravel,  with  straggling  willows,  showy  day-lilies, 
orange  amaryllis,  and  the  little  sky-blue  spider-flower,  which 
the  Japanese  call  chocho,  or  butterfly- weed. 

In  the  Tamagawa  are  many  fishes:  shining  minnows  in  the 
white  ripples,  dark  catfishes  in  the  pools  and  eddies,  and  little 
sculpins  and  gobies  lurking  tmder  the  stones.  Trout  dart 
through  its  upper  waters,  and  at  times  salmon  run  up  from  the 
sea. 

But  the  one  fish  of  all  its  fishes  is  the  ayu.  This  is  a  sort 
of  dwarf  salmon,  running  in  the  spring  and  spawning  in  the 
rivers  just  as  a  salmon  does.  But  it  is  smaller  than  any  salmon, 
not  larger  than  a  smelt,  and  its  flesh  is  white  and  tender,  and 
so  very  delicate  in  its  taste  and  odor  that  one  who  tastes  it 
crisply  fried  or  broiled  feels  that  he  has  never  tasted  real  fish 
before.  In  all  its  anatomy  the  ayu  is  a  salmon,  a  dwarf  of  its 
kind,  one  which  our  ancestors  in  England  would  have  called 
a  "samlet.**  Its  scientific  name  is  Plecoglossus  altivelis.  Pie- 
coglossus  means  plaited  tongue,  and  altivelis,  having  a  high  sail ; 
for  the  skin  of  the  tongue  is  plaited  or  folded  in  a  curious  way, 
and  the  dorsal  fin  is  higher  than  that  of  the  salmon,  and  one  poeti- 
cally inclined  might,  if  he  likes,  call  it  a  sail.  The  teeth  of  the 
ayu  are  very  peculiar,  for  they  constitute  a  series  of  saw-edged 
folds  or  plaits  along  the  sides  of  the  jaws,  quite  different  from 
those  of  any  other  fish  whatsoever. 

In  size  the  ayu  is  not  more  than  a  foot  to  fifteen  inches 
long.  It  is  like  a  trout  in  build,  and  its  scales  are  just  as  small. 
It  is  light  yellowish  or  olive  in  color,  growing  silvery  below. 
Behind  its  gills  is  a  bar  of  bright  shining  yellow,  and  its  adipose 
fin  is  edged  with  scarlet.  The  fins  are  yellow,  and  the  dorsal 
fin  shaded  with  black,  while  the  anal  fin  is  dashed  with  pale 
red. 

So  much  for  the  river  and  the  ayu.  It  is  time  for  us  to  go 
afishing.  It  is  easy  enough  to  find  the  place,  for  it  is  not  more 
than  ten  miles  out  of  Tok>^o,  on  a  fine  old  farm  just  by  the  ancient 
Temple  of  Tachikawa,  with  its  famous  inscribed  stone,  given  by 
the  emperor  of  China. 

At  the  farmhouse,  commodious  and  hospitable,  likewise  clean 
and  charming  after  the  fashion  of  Japan,  we  send  for  the  boy 
who  brings  our  fishing-tackle. 


Salmonidae  341 

They  come  waddling  into  the  yard,  the  three  birds  with  which 
we  are  to  do  our  fishing.  Black  cormorants  they  are,  each  with 
a  white  spot  behind  its  eye,  and  a  hoarse  voice,  come  of  standing 
in  the  water,  with  which  it  says  y-eugh  whenever  a  stranger 
makes  a  friendly  overture.  The  cormorants  answer  to  the 
name  of  Ou,  which  in  Japanese  is  something  like  the  only  word 
the  cormorants  can  say.  The  boy  puts  them  in  a  box  together 
and  we  set  off  across  the  drifted  gravel  to  the  Tamagawa.  Ar- 
rived at  the  stream,  the  boy  takes  the  three  cormorants  out  of 
the  box  and  adjusts  their  fishing-harness.  This  consists  of  a 
tight  ring  about  the  bottom  of  the  neck,  of  a  loop  imder  each  x 

wing,  and  a  directing  line. 

Two  other  boys  take  a  low  net.  They  drag  it  down  the 
stream,  driving  the  Httle  fishes — ayu,  zakko,  hae,  and  all  the 
rest — before  it.  The  boy  with  the  cormorants  goes  in  advance. 
The  three  birds  are  eager  as  pointer  dogs,  and  apparently  full 
of  perfect  enjoyment.  To  the  right  and  left  they  plimge  with 
lightning  strokes,  each  dip  bringing  up  a  shining  fish.  When 
the  bird's  neck  is  full  of  fishes  down  to  the  level  of  the  shoulders, 
the  boy  draws  him  in,  grabs  him  by  the  leg,  and  shakes  him 
unceremoniously  over  a  basket  until  all  the  fishes  have  flopped 
out. 

The  cormorants  watch  the  sorting  of  the  fish  with  eager 
eyes  and  much  repeating  of  y-eugh,  the  only  word  they  know. 
The  ayu  are  not  for  them,  and  some  of  the  kajikas  and  haz6s 
were  prizes  of  science.  But  zakko  (the  dace)  and  hae  (the 
minnow)  were  made  for  the  cormorant.  The  boy  picks  out 
the  chubs  and  minnows  and  throws  them  to  one  bird  and  then 
another.  Each  catches  his  share  on  the  fly,  swallows  it  at  one 
gulp,  for  the  ring  is  off  his  neck  by  this  time,  and  then  says 
y-eugh,  which  means  that  he  likes  the  fim,  and  when  we  are 
ready  will  be  glad  to  try  again.  And  no  doubt  they  have  tried 
it  many  times  since,  for  there  are  plenty  of  fishes  in  the  Jewel 
River,  zakko  and  hae  as  well  as  ayu. 

Fossil    Salmonidce. — Fossil    salmonidae    are  rare  and  knows 
chiefly  from  detached  scales,   the  bones  in  this  family 
very  brittle  and  easily  destroyed.     Nothing  is  added 
knowledge  of  the  origin  of  these  fishes  from  such  fossils. 

A  large  fossil  trout  or  salmon,  called  Rhabdofario  la 
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has  been  brought  from  the  Pliocene  at  Catherine's  Creek,  Idaho. 
It  is  known  from  the  skull  only.  Thaumaturus  luxatus,  from  the 
Miocene  of  Bohemia,  shows  the  print  of  the  adipose  fin.  As 
already  stated,  some  fragments  of  the  hooked  jaws  of  salmon, 
from  pleistocene  deposits  in  Idaho,  are  in  the  museum  of  the 
University  of  California. 


CHAPTER  XXI  ■ 


THE  GRAYLING  AND  THE  SMELT 

RHE  Grayling,  or  Thymallid«.  —  The  small  family  of 
ThymallidcE,  or  grayling,  is  composed  of  finely  organized 
fishes  allied  to  the  trout,  but  differing  in  having  the 
frontal  bones  meeting  on  the  middle  Une  of  the  skull,  thus 
excluding  the  frontals  from  contact  with  the  supraoccipital. 
The  anterior  half  of  the  very  high  dorsal  is  made  up  of  un- 
branched  simple  rays.  There  is  but  one  genus,  Thytnallus, 
comprising  very  noble  game-fishes  characteristic  of  sub-arctic 
streams. 

The  grayling,    Thytnallus,  of  Europe,   is  termed  by  Saint 
Ambrose  "the  .flower  of  fishes."      The  teeth  on  the  tongue. 


FiQ.  349  —Alaska  Grayling,  Thymalliii  tigni}eT  Richardson.     Nulato,  Alaska. 


found  in  all  the  trout  and  salmon,  are  obsolete  in  the  grayling. 
The  chief  distinctive  peculiarity  of  the  genus  Thytnallus  is  the 
great  development  of  the  dorsal  fin,  which  has  more  rays  (20 
to  24)  than  are  found  in  any  of  the  Salmotiida;,  and  the 
fin  is  also  higher.  All  the  species  are  gaily  colored,  the  dorsal 
fin  especially  being  marked  with  purplish  or  greenish  bands 
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and  bright  rose-colored  spots ;  while  the  body  is  mostly  purplish 
gray,  often  with  spots  of  black.  Most  of  the  species  rarely 
exceed  a  foot  in  length,  but  northward  they  grow  larger.  Gray- 
ling weighing  five  pounds  have  been  taken  in  England;  and 
according  to  Dr.  Day  they  are  said  in  Lapland  to  reach  a  weight 
of  eight  or  nine  poimds.  The  grayling  in  all  coimtries  frequent 
clear,  cold  brooks,  and  rarely,  if  ever,  enter  the  sea,  or  even  the 
larger  lakes.  They  congregate  in  small  shoals  in  the  streams, 
and  prefer  those  which  have  a  succession  of  pools  and  shal- 
lows, with  a  sandy  or  gravelly  rather  than  rocky  bottom.  The 
grayling  spawns  on  the  shallows  in  April  or  May  (in  England). 
It  is  non-migratory  in  its  habits,  depositing  its  ova  in  the 
neighborhood  of  its  usual  haunts.  The  ova  are  far  more  delicate 
and  easily  killed  than  those  of  the  trout  or  charr.  The  grayling 
and  the  trout  often  inhabit  the  same  waters,  but  not  alto- 
gether in  harmony.  It  is  said  that  the  grayling  devours  the 
eggs  of  the  trout.  It  is  certain  that  the  trout  feed  on  the 
young  grayling.  As  a  food-fish,  the  grayling  of  course  ranks 
high;  and  it  is  beloved  by  the  sportsman.  They  are  considered 
gamy  fishes,  although  less  strong  than  the  brook-trout,  and 
perhaps  less  wary.  The  five  or  six  known  species  of  grayling 
are  very  closely  related,  and  are  doubtless  comparatively  recent 
offshoots  from  a  common  stock,  which  has  now  spread  itself 
widely  through  the  northern  regions. 

The  common  grayling  of  Europe  {Thymalhts  ihymallns) 
is  found  throughout  northern  Europe,  and  as  far  south  as  the 
mountains  of  Hungary  and  northern  Italy.  The  name  Thymallus 
was  given  by  the  ancients,  because  the  fish,  when  fresh,  was 
said  to  have  the  odor  of  water-thyme.  Grayling  belonging  to 
this  or  other  species  are  found  in  the  waters  of  Russia  and  Siberia. 

The  American  grayling  {Thymallus  signifcr)  is  widely  dis- 
tributed in  British  America  and  Alaska.  In  the  Yukon  it  is 
very  abundant,  rising  readily  to  the  fly.  In  several  streams 
in  northern  Michigan,  Au  Sable  River,  and  Jordan  River  in 
the  southern  peninsula,  and  Otter  Creek  near  Keweenaw  in 
the  northern  peninsula,  occurs  a  dwarfish  variety  or  species  with 
shorter  and  lower  dorsal  fins,  known  to  anglers  as  the  Michigan 
grayUng  {Thymallus  tricolor).  This  form  has  a  longer  head, 
rather  smaller  scales,  and  the  dorsal  fin  rather  lower  than  in 
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the  northern  form  (signijer) ;  but  the  constancy  of  these  charac- 
ters in  specimens  from  intermediate  localities  is  yet  to  be  proved. 
Another  very  similar  form,  called  Tliymallus  montanus,  occurs 
in  the  Gallatin,  Madison,  and  other  rivers  of  Western  Montana 
tributary  to  the  Missouri.  It  is  locally  still  abundant  and  one 
of  the  finest  of  game-fishes.  It  is  probable  that  the  grayling 
once  had  a  wider  range  to  the  southward  ■  than  now,  and  that 
so  far  as  the  waters  of  the  United  States  are  concerned  it  is 
tending  toward  extinction.     This  tendency  is,  of  course,  being 


Flo.  250  -  MichtgSD  Grayling.     ThymnU-ig  trieolor  Cope     Au  Sable  River,   Mich. 


accelerated  in  Jlichigan  by  lumbermen  and  anglers.  The 
colonies  of  grayling  in  Michigan  and  Montana  are  probably 
remains  of  a  post-glacial  fauna. 

The  ArgentinidEe. — The  family  of  Argentinida,  or  smelt,  is 
very  closely  related  to  the  Salmonidec,  representing  a  dwarf 
series  of  similar  type.  The  chief  essential  difference  lies  in  the 
form  of  the  stomach,  which  is  a  blind  sac,  the  two  openings 
near  together,  and  about  the  second  or  pyloric  opening  there 
are  few  if  any  pyloric  csca.  In  all  the  Salmonida;  the  stomach 
has  the  fonn  of  a  siphon,  and  about  the  pylorus  there  are  very 
many  pyloric  cieca.  The  smelt  have  the  adipose  fin  and  the  gen- 
eral structure  of  the  salmon.  All  the  species  are  small  in  size, 
and  most  of  them  are  strictly  marine,  though  some  of  them 
ascend  the  rivers  to  spawn,  just  as  salmon  do,  but  not  going 
very  far.  A  few  kinds  become  land-locked  in  ponds.  Most  of 
the  species  are  confined  to  the  north  temperate  zone,  and  a 
few  sink  into  the  deep  seas.  All  that  are  sufficiently  abundant 
furnish  excellent  food,  the  flesh  being  extremely  delicate  and 
often  charged  with  a  fragrant  oil  easy  of  digestion. 
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The  best-known  genus,  Osmems,  includes  the  smelt,  or 
spirting  (^perlan),  of  Europe,  and  its  relatives,  all  excellent  food- 
fishes,  although  quickly  spoiling  in  warm  weather.  Osmems 
eperlanus  is  the  European  species ;  Osmerus  mordax  of  our  eastern 
coast  is  very  much  like  it.  as  is  also  the  rainbow-smelt,  Osmerus 
dentex  of  Japan  and  Alaska.  A  lai^er  smelt,  Osmerus  alba- 
trossis,  occurs  on  the  coast  of  Alaska,  and  a  small  and  feeble 
one,  Osmerus  thaleichthys,  mixed  with  other  small  or  delicate 
fishes,  is  the  whitebait  of  the  San  Francisco  restaurants.  The 
whitebait  of  the  London  epicure  is  made  up  of  the  young  of 
herrings  and  sprats  of  different  species.  The  still  more  delicate 
whitebait  of  the  Hong  Kong  hotels  is  the  icefish,  Salanx  chhicnsis. 


Fio.  261— Smelt,   Osmerus   mordax   (Mitchill).     Wood's   Hole,   Mass. 


Retropinna  retropinna,  so  called  from  the  backward  insertion 
of  its  dorsal,  is  the  excellent  smelt  of  the  rivers  of  New  Zealand. 
All  the  other  species  belong  to  northern  waters.  Mesopus, 
the  surf-smelt,  has  a  smaller  mouth  than  Osmerus  and  inhabits 
the  North  Pacific.  The  California  species,  Mcsopus  preiiosus, 
of  Neah  Bay  has,  according  to  James  G.  Swan,  "the  belly 
covered  with  a  coating  of  yellow  fat  which  imparts  an  oily 
appearance  to  the  water  where  the  fish  has  been  cleansed  or 
washed  and  makes  them  the  very  perfection  of  pan-fish."  This 
species  spawns  in  late  summer  along  the  surf-linc.  According 
to  Mr.  Swan  the  water  seems  to  be  filled  with  them.  "  They 
come  in  with  the  flood-tide,  and  when  a  wave  breaks  upon  the 
beach  they  crowd  up  into  the  very  foam,  and  as  the  surf  re- 
cedes many  will  be  seen  flapping  on  the  sand  and  shingle,  but 
invariably  returning  with  the  undertow  to  deeper  water." 
The  Quilliute  Indians  of  Washington  believe  that  "the  first 
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surf-smelts  that  appear  must  not  be  sold  or  given  away  to  be 
taken  to  another  place,  nor  must  they  be  cut  transversely,  but 
split  open  with  a  mussel-shell." 

The  surf -smelt  is  marine,  as  is  also  a  similar  species,  Mesopus 
japonicus,  in  Japan.  Mesopus  olidus,  the  pond-smelt  of  Alaska, 
Kamchatka,  and  Northern  Japan,  spawns  in  fresh-water  ponds. 

Still  more  excellent  as  a  food-fish  than  even  these  exquisite 
species  is  the  famous  eulachon,  or  candle-fish  {Thaleichthys 
pacificus).  The  Chinook  name,  usually  written  eulachon,  is 
perhaps  more  accurately  represented  as  ulchen.  This  little 
fish  has  the  form  of  a  smelt  and  reaches  the  length  of  nearly  a 
foot.      In  the  spring  it  ascends  in  enormous  numbers  all  the 


PlO.  253  —  Eulachon,  c 


rivers  north  of  the  Columbia,  as  far  as  Skaguay,  for  a  short 
distance  for  the  purpose  of  spawning.  These  runs  take  place 
usually  in  advance  of  the  salmon-runs.  Various  predatory 
fishes  and  sea-birds  persecute  the  eulachon  during  its  runs, 
and  even  the  stomachs  of  the  sturgeons  are  often  found  full 
of  the  little  fishes,  which  they  have  taken  in  by  their  sucker- 
like mouths.  At  the  time  of  the  nms  the  eulachon  are  ex_ 
tremely  fat,  so  much  so  that  it  is  said  that  when  dried  and  a 
wick  drawn  through  the  body  they  may  be  used  as  candles. 
On  Xass  River,  in  British  Columbia,  a  stream  in  which  their 
run  is  greatest,  there  is  a  factory  for  the  manufacture  of  eula- 
chon-oil  from  them.  This  delicate  oil  is  proposed  as  a  substitute 
for  cod-liver  oil  tn  medicine.  Whatever  may  be  its  merits  in 
this  regard,  it  has  the  disadvantage  in  respect  to  salability 
of  being  semi-soUd  or  lard-like  at  ordinary  temperatures,  re- 
quirii^  melting  to  make  it  flow  as  oil.     The  eulachon  is  a  favorite 
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pan-fish  in  British  Columbia.  The  writer  has  had  considerable 
experience  with  it,  broiled  and  fried,  in  its  native  region,  and 
has  no  hesitation  in  declaring  it  to  be  the  best-flavored  food- 
fish  in  American  waters.  It  is  fat,  tender,  juicy,  and  richly 
flavored,  Tirith  comparatively  few  troublesome  bones.  It  does 
not,  however,  bear  transportation  well.  The  Indians  in  Alaska 
bury  the  eulachon  in  the  ground  in  great  masses.  After  the 
fish  are  well  decayed  they  are  taken  out  and  the  oil  pressed 
from  them.  The  odor  of  the  fish  and  the  oil  is  then  very  offensive, 
less  so,  however,  than  that  of  some  forms  of  cheese  eaten  by 
civilized  people. 

The  capelin  {Mallotns  villosus)  closely  resembles  the  eula- 
chon, differing  mainly  in  its  broader  pectorals  and  in  the  peculiar 
scales  of  the  males.      In  the  male  fish  a  band  of  scales  above 


FiQ.  354  —Capelin,  MaUotut  vOtotua  L.    Crossirater  Bay. 


the  lateral  line  and  along  each  side  of  the  belly  become  elongate, 
closely  imbricated,  with  the  free  points  projecting,  giving  the 
body  a  villous  appearance.  It  is  very  abundant  on  the  coasts 
of  Arctic  America,  both  in  the  Atlantic  and  the  Pacific,  and  is 
an  important  source  of  food  for  the  natives  of  those  regions. 

This  species  spa\\Tis  in  the  surf,  and  the  writer  has  seen 
them  in  August  cast  on  the  shores  of  the  Alaskan  islands  (as  at 
Metlakahtla  in  1897),  living  and  dead,  in  numbers  which  seem 
incredible.  The  males  are  then  distorted,  and  it  seems  likely 
that  ail  of  them  perish  after  spawning.  The  young  are 
abundant  in  all  the  northern  fiords.  Even  more  inordinate 
numbers  are  reported  from  the  shores  of  Greenland. 

The  capelin  seems  to  be  inferior  to  the  eulachon  as  a  food- 
fish,  but  to  the  natives  of  arctic  regions  in  both  hemispheres  it 
is  a  \-ery  important  article  of  food.     Fossil  capelin  are  found 
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in  abundance  in  recent  shales  in  Greenland  enveloped  in  nodules 
of  clay.  In  the  open  waters  about  the  Aleutian  Islands  a  small 
smelt,  Therobromus  callorhini,  occurs  in  very  great  abundance 
and  forms  the  chief  part  of  the  summer  food  of  the  fur-seal. 
Strangely  enough,  no  complete  specimen  of  this  fish  has  yet 
been  seen  by  man,  although  thousands  of  fragments  have  been 
taken  from  seals'  stomachs.  From  these  fragments  Mr.  Frederick 
A.  Lucas  has  reconstructed  the  fish,  which  must  be  an  ally  of 
the  surf -smelt,  probably  spawning  in  the  open  ocean  of  the  north. 

The  silvery  species  called  Argentina  live  in  deeper  water 
and  have  no  commercial  importance.  Argentina  siliis,  with 
prickly  scales,  occurs  in  the  North  Sea.  Several  fossils  have 
been  doubtfully  referred  to  Osmerus. 

The  Microstomidae. — The  small  family  of  Microstomidce  con- 
sists of  a  few  degraded  smelt,  slender  in  form,  with  feeble  mouth 
and  but  three  or  four  branchiostegals,  rarely  taken  in  the  deep 
seas.  Nansenia  gra^nlandica  was  found  by  Reinhardt  off  the 
coast  of  Greenland,  and  six  or  eight  other  species  of  Microstoma 
and  Bathylagus  have  been  brought  in  by  the  deep-sea  explora- 
tions. 

The  Salangidae,  or  Icefishes. — Still  more  feeble  and  insignifi- 
cant are  the  species  of  Salangidce,  icefishes,  or  Chinese  whitebait, 
which  may  be  described  as  Salmonidce  reduced  to  the  lowest 
terms.  The  body  is  long  and  slender,  perfectly  translucent, 
almost  naked,  and  with  the  skeleton  scarcely  ossified.  The 
fins  are  like  those  of  the  salmon,  the  head  is  depressed,  the  jaw's 
long  and  broad,  somewhat  like  the  bill  of  a  duck,  and  within 
there  are  a  few  disproportionately  strong  canine  teeth,  those 
of  the  lower  jaw  somewhat  piercing  the  upper.  The  alimentary 
canal  is  straight  for  its  whole  length,  without  pyloric  caeca. 
These  little  fishes,  two  to  five  inches  long,  live  in  the  sea  in 
enormous  numbers  and  ascend  the  rivers  of  eastern  Asia  for 
the  purpose  of  spawning.  It  is  thought  by  some  that  they  are 
annual  fishes,  all  dying  in  the  fall  after  reproduction,  the  species 
living  through  the  winter  only  within  its  eggs.  But  this  is 
only  suspected,  not  proved,  and  the  species  will  repay  the  care- 
ful study  which  some  of  the  excellent  naturalists  of  Japan  are 
sure  before  long  to  give  to  it.  The  species  of  Salanx  are  known 
as  whitebait,  in  Japan  as  Shiro-uwo,  which  means  exactly  the 
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same  thing.  They  are  also  sometimes  called  icefish  (Hingio), 
which,  being  used  for  no  other  fish,  may  be  adopted  as  a  group 
name  for  Salanx. 

The  species  are  Salanx  chinensis  from  Canton,  Salanx  hyalo 
cranius  from  Korea  and  northern  China,  Salanx  microdon  from 
northern  Japan,  and  Salanx  ariakensis  from  the  southern  island 
of  Kiusiu.  The  Japanese  fishes  are  species  still  smaller  and 
feebler  than  their  relatives  from  the  mainland. 

The  Haplochitonidae.  —  The  HaplochttontdcB  '  are  trout  -  like 
fishes  of  the  south  temperate  zone,  differing  from  the  SalmonidcB 
mainly  in  the  extension  of  the  premaxillary  until,  as  in  the 
perch-like  fishes,  it  forms  the  outer  border  of  the  upper  jaw. 
The  adipose  fin  is  present  as  in  all  the  salmon  and  smelt.  Hap- 
lochiton  of  Tierra  del  Fuego  and  the  Falkland  Islands  is  naked, 
while  in  Prototroctes  of  Australia  and  New  Zealand  the  body, 
as  in  all  salmon,  trout,  and  smelt,  is  covered  with  scales.  Proto- 
troctes marcena  is  the  yarra  herring  of  Australia.  The  closely 
related  family  of  Galaxiidcs,  also  Australian,  but  lacking  the 
adipose  fin,  is  mentioned  in  a  later  chapter. 


Fio.  255 — Icefish,  Salanx  hyalocranxxis  Abbott.     Family  Salangidce, 

Tientsin,  China. 

Stomiatidae.  —  The    Stomtatidce,   with   elongate  bodies,  have 
the  mouth  enormous,  with  fang-like  teeth,  usually  barbed.     Of 
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Fig.  256  — Stomias  ferox  Reinhardt.     Banquereau. 

the  several  species  Stomias  ferox  is  best  known.  According  to 
Dr.  Boulenger,  these  fishes  are  true  Isospondyli. 

AstronesthidcB  is  another  small  group  of  small  fishes  naked 
and  black,  with  long  canines,  foimd  in  the  deep  sea. 

The  MalacosteidcB  is  a  related  group  with    extremely  dis- 
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tensible  mouth,  the  species  capable  of  swallowing  fishes  much 
larger  than  themselves. 

The  viper-fishes  (Chatiliodontidw)  are  very  feeble  and  very- 
voracious  little  fishes  occasionally  brought  up  from  the  depths. 
Chauliodus  sloanei  is  notable  for  the  length  of  the  fangs. 

Much  smaller  and  feebler  are  the  species  of  the  closely 
related  family  of  GonostomidcB.'  Gonostoma  and  Cyclotlione 
dwell  in  oceanic  abysses.  One  species,  Cyclothone  elongata, 
occurs  at  the  depth  of  from   half  a  mile  to  nearly  four  miles 


Fig  257. — Chauliodus  sloanei  Schneider.    Grand  Banks. 

almost  everywhere  throughout  the  oceans.  It  is  probably 
the  most  widely  distributed,  as  well  as  one  of  the  feeblest  and 
most  fragile,  of  all  bassalian  or  deep-sea  fishes. 

Suborder  Iniomi,  the  Lantern-fishes.  —  The  suborder  Inimni 
{ivlov,  nape;  cS^^os",  shoulder)  comprises  soft-rayed  fishes,  in 
which  the  shoulder-girdle  has  more  or  less  lost  its  com- 
pleteness of  structure  as  part  of  the  degradation  consequent 
on  life  in  the  abysses  of  the  sea.  These  features  distinguish 
these  forms  from  the  true  Isospondyli,  but  only  in  a  very  few 
of  the  species  have  these  characters  been  verified  by  actual 
examination  of  the  skeleton.  The  mesocoracoid  arch  is  wanting 
or  atrophied  in  all  of  the  species  examined,  and  the  orbito- 
sphcnoid  is  lacking,  so  far  as  known.  The  group  thus  agrees  in 
most  technical  characters  with  the  Haplomi,  in  which  group  they 
are  placed  by  Dr.  Boulengcr.  On  the  other  hand  the  relation- 
ships  to  the  IsospOMdyli  arc  very  close,  and  the  Iniomi  have  many 
traits  suggesting  degenerate  Isospondyli.  The  post-temporal 
has  lost  its  usual  hold  on  the  skull  and  may  touch  the  occiput 
on  the  sides  of  the  cranium.  Nearly  all  the  species  are  soft 
in  body,  black  or  silvery  over  black  in  color,  and  all  that  live 
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in  the  deep  sea  are  pro\4ded  with  luminous  spots  or  glands 
giving  light  in  the  abysmal  depths.  These  spots  are  wanting  in 
the  few  shore  species,  as  also  in  those  which  approach  most  nearly 
to  the  Salmonidw,  these  being  presimiably  the  most  primitive 
of  the  group.  In  these  also  the  post-temporal  touches  the  back 
of  the  cranitun  near  the  side.  In  the  majority  of  the  Iniomi 
the  adipose  fin  of  the  SaUnonidcB  is  retained.  From  the  phos- 
phorescent spots  is  derived  the  general  name  of  lantern-fishes 
applied  of  late  years  to  many  of  the  species.  Most  of  these  are 
of  recent  discovery,  results  of  the  remarkable  work  in  deep- 
sea  dredging  begtm  by  the  Albatross  and  the  Challenger.  All 
of  the  species  are  carnivorous,  and  some,  in  spite  of  their  feeble 
muscles,  are  exceedingly  voracious,  the  mouth  being  armed 
with  veritable  daggers  and  spears. 

Aulopids. — Most  primitive  of  the  Iniomi  is  the  family  of 
Aulopidce,  having  an  adipose  fin,  a  normal  maxillary,  and  no 
limiinous  spots.  The  rough  firm  scales  suggest  those  of  the 
berycoid  fishes.  The  few  species  of  Aula  pus  and  Chlorophtltalmus 
are  fotmd  in  moderate  depths.  Aulopus  purpurissatus  is  the 
"Sergeant  Baker"  of  the  Australian  fishermen. 

The  Lizard-fishes. — The  SyftodonttdcE,  or  lizard-fishes,  have 
lizard-like  heads  with  very  large  mouth.  The  head  is  scaly,  a 
character  rare  among  the  soft-rayed  fishes.     The  slender  maxil- 


Fig  258  -—Lizard-fish,  Synodus  fartens  L.     Charleston,  S.  C. 

lary  is  growTi  fast  to  the  premaxillar}%  and  the  color  is  not  black. 
Most  of  the  species  are  shore-fishes  and  some  are  brightly  colored. 
Sy nodus  fcotens  is  the  common  lizard-fish,  or  galliwasp,  of  our 
Atlantic  coast.  Synodus  varins  of  the  Pacific  is  brightly 
colored,  olive-green  and  orange-red  types  of  coloration  exist- 
ing at  different  depths.  Most  of  the  species  lie  close  to  the 
bottom  and  are  mottled  gray  like  coral  sand.     A  few  occur  in 
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oceanic  depths.  The  ''Bombay  duck"  of  the  fishermen  of 
India  is  a  species  of  Harpodon,  H.  nehereus,  with  large  mouth 
and  arrow-shaped  teeth.     The  dried  fish  is  used  as  a  relish. 

The  BenthosaiiridcB  are  deep-sea  fishes  of  similar  type,  but 
with  distinct  maxillaries.  The  BathypteroidcB,  of  the  deep  seas, 
resemble  Aulopus,  but  have  the  upper  and  lower  pectoral  rays 
filiform,  developed  as  organs  of  touch  in  the  depths  in  which 
the  small  eyes  become  practically  useless. 

Ipnopidae. — In  the  IpnopidcB  the  head  is  depressed  above 
and  the  two  eyes  are  flattened  and  widened  so  as  to  occupy 
most  of  its  upper  surface.  These  structures  were  at  first  sup- 
posed to  be  limiinous  organs,  but  Professor  Moseley  has  thought 
them  to  be  eyes.  "They  show  a  flattened  cornea  extending 
along  the  median  line  of  the  snout,  with  a  large  retina  com- 
posed of  peculiar  rods  which  form  a  complicated  apparatus 


Fig.  259. — Ipnops  murrayi  Giinther. 

destined  undoubtedly  to  produce  an  image  and  to  receive 
especial  luminous  rays.*'  The  single  species,  Ipnops  murrayi, 
is  black  in  color  and  found  at  the  depth  of  2^  miles  in  various 
seas. 

The  existence  of  well-developed  eyes  among  fishes  des- 
tined to  live  in  the  dark  abysses  of  the  ocean  seems  at  first  con- 
tradictory, but  we  must  remember  that  these  singular  forms 
are  descendants  of  immigrants  from  the  shore  and  from  the 
surface.  "In  some  cases  the  eyes  have  not  been  specially 
modified,  but  in  others  there  have  been  modifications  of  a  lumi- 
nous mucous  membrane  leading  on  the  one  hand  to  phosphor- 
escent organs  more  or  less  specialized,  or  on  the  other  to  such 
remarkable  structures  as  the  eyes  of  Ipnops,  intermediate 
between  true  eyes  and  phosphorescent  plates.  In  fishes  which 
cannot  see,  and  which  retain  for  their  guidance  only  the  general 
sensibility  of  the  integimients  and  the  lateral  line,  these  parts 
soon  acquire  a  very  great  delicacy.     The  same  is  the  case  with 


The  Grayling  and  the  Smelt  355 

tactile  Cleans  (as  in  Bathypterois  and  Benthosaurus),  and  experi- 
ments show  that  barbels  may  become  organs  of  touch  adapted 
to  aquatic  life,  sensitive  to  the  faintest  movements  or  the 
slightest  displacement,  with  power  to  give  the  blinded  fishes 
full  cognizance  of  the  medium  in  which  they  live. " 

Rondeletiids. — The  Rondeletiida;  are  naked  black  fishes  with 
small  eyes,   without   adipose  fin  and  without  luminous  spots, 


Pio.  360  — CetomimiM  gillii  Goode  A  Bean.    Gulf  Stream. 


taken  at  great  depths  in  the  Atlantic.  The  relationship  of  these 
fishes  is  wholly  uncertain. 

The  Cetomimidte  are  near  allies  of  the  RottdeletitdiB,  having 
the  mouth  excessively  large,  with  the  peculiar  form  seen  in  the 
right  whales,  which  these  little  fishes  curiously  resemble. 

Hyctopbids. —  The  large  family  of  Myctophids,  or  lantern- 
fishes,  is  made  up  of  small  fishes  allied  to  the  Aulopid<B,  but 


Fig.  201— Headlight  Fish,  DiaphvM  lucidm  Goode  and  Bean.    Gulf  Streain. 


with  the  body  covered  with  luminous  dots,  highly  specialized 
and  symmetrically  arranged.  Most  of  them  belong  to  the 
deep  sea,  but  others  come  to  the  surface  in  the  night  or  during 
storms  when  the  sunlight  is  absent.  Through  this  habit  they 
are  often  tliro»-n  by  the  waves  on  the  decks  of  small  vessels. 
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Largely  from  Danish  merchant- vessels,  Dr.  Lutken  has  obtained 
the  unrivaled  collection  of  these  sea-waifs  preserved  in  the 
Museum  of  the  University  of  Copenhagen.  The  species  are 
all  small  in  size  and  feeble  in  structiu*e,  the  prey  of  the  larger 


Flu.  282,  — Lantem-fiah     MjclopI  w    opal  num  Goode  &.  Bean.     Gulf  Stream. 

fishes  of  the  depths,  from  which  their  lantem-Hke  spots  and 
large  eyes  help  them  to  escape.  The  numerous  species  are  now 
ranged  in  about  fifteen  genera,  although  earlier  writers  placed 
them  all  in  a  single  genus  Myctophum  (Scopeltts). 

In  the  genus  Diapluis  (^thoprora)  there  is  a  large  luminous 
gland  on  the  end  of  the  short  snout,  like  the  headlight  of  an 


engine.  In  Dasyscopchis  the  scales  are  spinescent,  but  in  most  of 
the  genera,  as  in  Myctophnm,  the  scales  are  cj'cloid  and  caducous, 
falling  at  the  touch.  In  Diapluis  the  luminous  spots  are  crossed 
by  a  septum  giving  them  the  form  of  the  Greek  letter  6  (theta). 
One  of  the  commonest  species  is  Myctophnm  hiimboldti. 

Chirothricidse. — The  remarkable  extinct  family  of  Ckiro- 
tliricida  may  be  related  to  the  Synodontida,  or  MyciophidcB. 
In   this  group  the  teeth    are    feeble,    the    paired    fins    much 
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enlarged,  and  the  ventrals  are  well  forward.  The  dorsal  fin, 
inserted  well  forward,  has  stout  basal  bones.  Chirothrix  libani- 
ctis  of  the  Cretaceous  of  Mt.  Lebanon  is  remarkable  for  its  exces- 
sively large  ventral  fins.  Telepholis  is  a  related  genus.  Exo- 
C(Btoides  with  rounded  caudal  fin  is  probably  the  type  of  a 
distinct  family,  ExoccBtoididcB,  the  caudal  fin  being  strongly 
forked  in  Chirothrix.  The  small  extinct  group  of  Rhinellidcu  is 
usually  placed  near  the  Myctophid(B.  They  are  distinguished 
by  the  very  long  gar-like  jaws ;  whether  they  possessed  adipose 
fins  or  limiinous  spots  cannot  be  determined.  RJtiftellus  fur- 
catus  and  other  species  occur  in  the  Cretaceous  of  Eiux>pe  and 
Asia.     Fossil  forms  more  or  less  distinctly  related  to  the  Mycto- 


Fig  264  — Rhinellus  furcalus  A^assiz.     Upper   Cretaceous   of   Mt.    Leb:u«^2i. 

(After  Woodward.) 

phidcB  are  nimierous.  Osnteroides  fnonasterii  (wrongly  called 
Sardinioides) ,  from  the  German  Cretaceous,  seems  aUied  to 
Myctophum,  although,  of  course,  luminous  spots  leave  no  trace 
among  fossils.  Acrognathus  boops  is  remarkable  for  the  large 
size  of  the  eyes. 

MaurolicidA.  —  The  MatirolicidcB  are  similar  in  form  and 
habit,  but  scaleless,  and  with  luminous  spots  more  highly 
specialized.  Maurolicus  pemianti,  the  **Sleppy  Argentine,"  is 
occasionally  taken  on  either  side  of  the  Atlantic.  Other  genera 
are  Zalarges,  Vincigiierria,  and  Valenciemiellns. 

The  Lancet-fishes. — The  PlagyodontidcB  {Alepisatiridai)  con- 
tains the  lancet-fishes,  large,  swift,  scaleless  fishes  of  the  ocean 
depths  with  very  high  dorsal  fin,  and  the  mouth  filled  with 
knife-like  teeth.  These  large  fish  are  occasionally  cast  up  by 
storms  or  are  driven  to  the  shores  by  the  torments  of  a  parasite, 
Tetrarhyftchus,  fotmd  imbedded  in  the  flesh. 

It  is  probable  that  they  are  sometimes  killed  by  being  forced 
above  their  level  by  fishes  which  they  have  swallowed.  In 
such  cases  they  are  destroyed  through  the  reduction  of  pressure. 

Every  part  of  the  body  is  so  fragile  that  perfect  specimens 
are  rare.     The  dorsal  fin  is  readily  torn,  the  bones  are  ver\' 
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feebly  ossified,  and  the  ligaments  connecting  the  vertebne  are 
very  loose  and  extensible,  so  that  thebody  can  be  considerably 
stretched.  "This  loose  connection  of  the  parts  of  the  body 
is  found  in  numerous  deep-sea  fishes,  and  is  merely  the  conse- 
quence of  their  withdrawal  from  the  pressure  of  the  water  to 
which  they  are  exposed  in  the  depths  inhabited  by  them.  When 
within  the  limits  of  their  natural  haunts,  the  osseous,  muscular, 
and  fibrous  parts  of  the  body  will  have  that  soUdity  which  is 
required  for  the  rapid  and  powerful  movements  of  a  predatory 
fish.  That  the  fishes  of  this  genus  (Plagyodus)  belong  to  the 
most  ferocious  of  the  class  is  proved  by  their  dentition  and  the 
contents  of   their   stomach."     (Giinther.)     Dr.    Giinther    else- 


Flo.  366  —Lancet-fish,  Plagyodx 


where  observes:  "From  the  stomach  of  one  example  have  been 
taken  several  octopods,  crustaceans,  ascidians,  a  young  Brama, 
twelve  young  boarfishes  (Capros),  a  horse-mackerel,  and  one 
young  of  its  own  species." 

The  lancet-fish,  Plagyodus  ferox,  is  occasionally  taken  on 
either  side  of  the  Atlantic  and  in  Japan.  The  handsaw-fish, 
called  Plagyodus  (Bsculapius,  has  been  taken  at  Unalaska,  off 
San  Luis  Obispo,  and  in  Humboldt  Bay.  It  does  not  seem  to 
differ  at  all  from  Plagyodus  ferox.  The  original  type  from  Una- 
laska had  in  its  stomach  twenty-one  lumpfishes  (Etimicrotremus 
spinosus).  This  is  the  species  described  from  Steller's  manu- 
scripts by  Pallas  under  the  name  of  Plagyodus.  Another 
species,  Plagyodus  borcalis,  is  occasionally  taken  in  the  North 
Pacific. 

The  Evermannellides  is  a  small  family  of  small  deep-sea  fishes 
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with  large  teeth,  distensible  muscles,  and  an  extraordinary 
power  of  swallowing  other  fishes,  scarcely  surpassed  by  Chtas- 
modon  or  Saccopharynx,  Evermannella  (Odontostomus,  the  latter 
name  preoccupied)  and  Omosudis  are  the  principal  genera. 

The  ParalepidcB  are  reduced  allies  of  Plagyodus,  slender, 
silvery,  with  small  fins  and  fang-like  jaws.  As  in  Plagyodus, 
the  adipose  fin  is  developed  and  there  are  small  Ituninous  dots. 
The  species  are  few  and  mostly  northern;  one  of  them,  Sudis 
rtngens,  is  known  only  from  a  single  specimen  taken  by  the 
present  writer  from  the  stomach  of  a  hake  {Merlucctus  produc- 
ttis),  the  hake  in  turn  swallowed  whole  by  an  albacore  in  the 
Santa  Barbara  Channel.  The  Sudis  had  been  devoured  by  the 
hake,  the  hake  by  the  albacore,  and  the  albacore  taken  on 
the  hook  before  the  feeble  Sudis  had  been  digested. 

Perhaps  allied  to  the  PlagyodontidcB  is  also  the  large  family 
of  EnchodontidcB,  widely  represented  in  the  Cretaceous  rocks  of 


Fio.  ^M.—Eury]^u)lu  sulcidens  Pictet,  restored.    Family  Enchodontida.    Upper 
Cretaceous  of  Mt.  Lebanon.     (After  Woodward,  as  E.  botssieri.) 

Syria,  Europe,  and  Kansas.  The  body  in  this  group  is  elongate, 
the  teeth  very  strong,  and  the  dorsal  fin  short.  Enchodus 
lewesiensis  is  foimd  in  Moiuit  Lebanon,  Halec  siernbergi  in  the 
German  Cretaceous,  and  many  species  of  Enchodus  in  Kansas; 
Cimolichthys  dims  in  North  Dakota. 

Remotely  allied  to  these  groups  is  the  extinct  family  of 
DercetidcB  from  the  Cretaceous  of  Germany  and  Syria.  These 
are  elongate  fishes,  the  scales  small  or  wanting,  but  with  two 
or  more  series  of  bony  scutes  along  the  flanks.  In  Dercetis 
scutatus  the  scutes  are  large  and  the  dorsal  fin  is  very  long.  Other 
genera  are  Lepiotraclielus  and  Pelargorhynchus,  Dr.  Boulenger 
places  the  Dercetidce  in  the  order  Heteromi.  This  is  an  expression 
of  the  fact  that  their  relations  are  still  imknown.     Probably 
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related  to  the  Dercelidtr  is  the  American  family  of  StratodPtiHd<e 
with  its  two  genera,  Stradodus  and  Etnpo  from  the  Cretaceous 


(Niobrara)  deposits  of  Kansas.     Empo  ncpahoUca  is  one  of  the 
best-known  species. 

The  Stemoptychide.  —  The  Stcrnoptychidm  differ  materi- 
ally from  all  these  forms  in  the  short,  compressed,  deep  body 
and  distorted  form.  The  teeth  are  small,  the  body  bright 
silvery,  wth  luminous  spots.  The  species  live  in  the  deep 
seas,  rising  in  dark  or  stormy  weather.  Sternoplyx  diaphana  is 
found  in  almost  all  seas,  and  species  of  Argyropelecus  are  almost 


—Monstrous  GoldSsh  {bred  in  iJapan). 
(After  GiiDlher.} 

as  widely  distributed.    After  the  earthquakes  in   1896,  which 
engulfed  the  fishing  villages  of  Rikuzen.  in    northern  Japan. 
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numerous  specimens  of  this  species  were  foimd  dead,  floating 
on  the  water,  by  the  steamer  Albatross. 

The  IdiacanthidcB  are  small  deep-sea  fishes,  eel-shaped  and 
without  pectorals,  related  to  the  Iniomi, 

Order  Lyopomi. — Other  deep-sea  fishes  constitute  the  order 
or  suborder  Lyopomi  {\v6^,  loose;  TTGo/ia,  opercle).  These  are 
elongate  fishes  having  no  mesocoracoid,  and  the  preopercle 
rudimentary  and  connected  only  with  the  lower  jaw,  the  large 


Fio.  269. — Aldrovandia  gracilis   (Goode  &  Bean).     Guadaloupe  Island,  West 

Indies.     Family  Halosauridce, 

subopercle  usurping  its  place.  The  group,  which  is  perhaps  to 
be  regarded  as  a  degenerate  type  of  Isospondyli,  contains  the 
single  family  of  Halosaurtdce,  with  several  species,  black  in 
color,  soft  in  substance,  with  small  teeth  and  long  tapering 
tail,  foimd  in  all  seas.  The  principal  genera  are  Halosaurus 
and  Aldrovandia  (Halosauropsis) ,  Aldrovandia  macrochira  is 
the  commonest  species  on  our  Atlantic  coast. 

Several  fossil  Halosaurideu  are  described  from  the  Creta- 
ceous of  Etirope  and  Syria,  referred  to  the  genera  Echidnocephalus 
and  Enchelurus.  Boulenger  refers  the  Lyopomi  to  the  suborder 
Heteromu 


CHAPTER  XXII 

THE  APODES,  OR  EEL-LIKE  FISHES 

Eels. — We  may  here  break  the  sequence  from  the 
Isospondyli  to  the  other  soft-rayed   fishes,  to  inter- 
polate a  large  group  of  uncertain  origin,  the  series 
or  subclass  of  eels. 

The  mass  of  apodal  or  eel-like  fishes  has  been  usually  regarded 
as  constituting  a  single  order,  the  Apodes  (5,  without;  novs, 
foot).  The  group  as  a  whole  is  characterized  by  the  almost 
universal  separation  of  the  shoulder-girdle  from  the  skull,  by 
the  absence  of  the  mesocoracoid  arch  on  the  shoulder-girdle, 
by  the  presence  of  more  than  five  pectoral  actinosts,  as  in  the 
Ganoid  fishes,  by  the  presence  of  great  ntmibers  of  tmdifferen- 
tiated  vertebrae,  giving  the  body  a  snake-like  form,  by  the 
absence  in  all  living  forms  of  the  ventral  fins,  and,  in  all  living 
forms,  by  the  absence  of  a  separate  caudal  fin.  These  structures 
indicate  a  low  organization.  Some  of  them  are  certainly  results 
of  degeneration,  and  others  are  perhaps  indications  of  primitive 
simplicity.  Within  the  limits  of  the  group  are  seen  other 
features  of  degeneration,  notably  shown  in  the  progressive  loss 
of  the  bones  of  the  upper  jaw  and  the  membrane-bones  of  the 
head  and  the  degradation  of  the  various  fins.  The  symplectic 
bone  is  wanting,  the  notochord  is  more  or  less  persistent,  the 
vertebral  centra  always  complete  constricted  cylinders,  none 
coalesced.  But,  notwithstanding  great  differences  in  these 
regards,  the  forms  have  been  usually  left  in  a  single  order,  the 
more  degraded  forms  being  regarded  as  descended  from  the 
types  which  approach  nearest  to  tlie  ordinary  fishes.  From 
this  view  Professor  Cope  dissents.  He  recognizes  several  orders 
of  eels,  claiming  that  we  should  not  unite  all  these  various  fishes 
into  a  single  order  on  account  of  the  eel-like  form.     If  we  do  so, 

we  should  place  in  another  order  those  with  the  fish-like  form. 
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It  is  probable,  though  not  absolutely  certain,  that  the  Apodes 
are  related  to  each  other.  The  loss  among  them,  first,  of  the  con- 
nection of  the  post-temporal  with  the  skull;  second,  of  the 
separate  caudal  fin  and  its  hypural  support ;  third,  of  the  distinct 
maxillary  and  premaxillary ;  and  fourth,  of  the  pectoral  fins,  must 
be  regarded  as  successive  phases  of  a  general  line  of  degradation. 
The  large  number  of  actinosts,  the  persistence  of  the  notochord, 
the  absence  of  spines,  and  the  large  numbers  of  vertebrae  seem 
to  be  traits  of  primitive  simplicity.  Special  lines  of  degenera- 
tion are  further  shown  by  deep-sea  forms.  What  the  origin 
of  the  Apodes  may  have  been  is  not  known  with  any  certainty. 
They  are  soft-rayed  fishes,  with  the  air-bladder  connected  by 
a  tube  with  the  oesophagus,  and  with  the  anterior  vertebrae  not 
modified.  In  so  far  they  agree  with  the  Isospondyli.  In  some 
other  respects  they  resemble  the  lower  Ostariophysi,  especially 
the  electric  eel  and  the  eel-like  catfishes.  But  these  resem- 
blances, mainly  superficial,  may  be  wholly  deceptive;  we  have 
no  links  which  certainly  connect  the  most  fish-like  Apodes 
with  any  of  the  other  orders.  Probably  Woodward's  sugges- 
tion that  they  may  form  a  series  parallel  with  the  Iso- 
pondyli  and  independently  descended  from  Tertiary  Ganoids 
deserves  serious  consideration.  Perhaps  the  most  satisfactory 
arrangement  of  these  fishes  will  be  to  regard  them  as  constitut- 
ing four  distinct  orders  for  which  we  may  use  the  names  Sym- 
branchia  (including  Ichthyocephali  and  Holostomi),  Apodes  (in- 
cluding Enchelycephali  and  Colocephali),  Carencheli,  and  Lyo- 
tneri. 

Order  Symbranchia. — The  Symbranchia  are  distinguished  by 
the  development  of  the  ordinary  fish  mouth,  the  maxillary  and 
premaxillary  being  well  developed.  The  gill-openings  are  very 
small,  and  usually  confluent  below.  These  fresh-water  forms 
of  the  tropics,  however  eel-like  in  form,  may  have  no  real 
affinity  with  the  true  eels.  In  any  event,  they  shotdd  not  be 
placed  in  the  same  order  with  the  latter. 

The  eels  of  the  suborder  Ichthyocephali  {ixOvi,  fish ;  xetpaX^^ 
head)  have  the  head  distinctly  fish-like.     The  maxillary,  1 
maxillary,  and  palatines  are  well  developed,  and  the  shoti 
girdle  is  joined  by  a  post-temporal  to  the  skull.     The  bo 
distinctly  eel-like,  the  tail  being  very  short  and  the  fins  in 
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spicuous.  The  number  of  vertebrae  is  unusttaDy  large.  The 
order  contains  the  single  family  Manopterid^F^  the  rice-field  eels, 
one  species,  Monopterits  albus,  being  excessively  common  in 
pools  and  ditches  from  China  and  southern  Japan  to  India. 

The  eels  of  the  suborder  Holostomi  (oXos,  complete;  <rr6^ia^ 
mouth)  differ  from  these  mainly  in  the  separation  of  the  shoulder- 
girdle  from  the  skull,  a  step  in  the  direction  of  the  true  eels. 
The  Symbranchidce  are  ver\'  close  to  the  Monopterid<£  in  external 
appearance,  small,  dusk>%  eel-Iike  inhabitants  of  sluggish  ponds 
and  rivers  of  tropical  America  and  the  East  Indies.  The  gill- 
openings  are  confluent  under  the  throat.  Symbranchus  mar- 
tnoratus  ranges  northward  as  far  as  Vera  Cruz,  ha\Tng  much  the 
habit  of  the  rice-field  eel  of  Japan  and  China  The  Am  phi p- 
noida,  with  peculiar  respiratory-  structures,  abotmd  in  India. 
Amphipnous  ciichia,  according  to  Gunther,  has  but  three  gill- 
arches.  \^'ith  rudimentar\'  lamina  and  ver\'  narrow  slits.  To 
supplement  this  insufficient  branchial  apparatus,  a  limg-like 
sac  is  developerl  on  each  side  of  the  body  behind  the  head,  open- 
ing between  the  hyoid  and  the  first  branchial  arch.  The  inte- 
rior of  the  sac  is  abimdantly  provided  with  blood-vessels,  the 
arterial  coming  from  the  branchial  arch,  whilst  those  issuing 
from  it  unite  to  form  the  aorta.  Amphipnous  has  rudimentar\' 
scales.  The  other  Holostomi  and  Ichthyocephali  are  naked  and 
all  lack  the  pectoral  fin. 

The  C'hilohranchidcc  are  small  sea-fishes  from  Australia,  with 
the  tail  longer  than  the  rest  of  the  body,  instead  of  much  shorter 
as  in  the  others. 

.\o  forms  allied  to  Symhrducluts  or  Monoptcriis  are  recorded 
as  fossils. 

Order  Apodes,  or  True  Eels.  —  In  this  group  the  shoulder- 
girdle  is  free  from  the  skull,  anrl  the  bones  of  the  jaws  are  reduced 
in  number,  through  coalescence  of  the  parts. 

Three  well-marked  suVn^rders  may  be  recognized,  groups  per- 
ha[)S  worthy  of  still  hi;;her  rank:  Archcnchcli,  Enchelycephali, 
and  (jdocephali. 

Suborder  Archencheli. — Tho:  Archenchcli,  now  entirely  extinct, 
are  apparently  the  j)arents  of  the  eels,  having,  however,  certain 
traits  characteristic  of  the  Isospondyli.  They  retain  the  sepa- 
nitc  caudal  fin,  with  the  ordinary  hypural  plate,  and  Professor 
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Hay  has  recently  found,  in  an  example  from  the  Cretaceous 
of  Mount  Lebanon,  remains  of  distinct  ventral  fins.  These 
traits  seem  to  indicate  an  almost  perfect  transition  from  the 
Isospondyli  to  the  Archencheli. 

One  family  may  be  recognized  at  present,  Urenchelyidts. 

The  earliest  known  eel,  Urenchelys  avus,  occurs  in  the  upper 
Cretaceous  at  Mount  Lebanon.  It  represents  the  family  Uren- 
chelyid(B,  apparently  allied  to  the  Anguillid^,  but  having  a 
separate  caudal  fin.  Its  teeth  are  small,  conical,  blunt,  in 
many  series.  There  are  more  than  loo  vertebrae,  the  last 
expanded  in  a  hypural.  Pectorals  present.  Scales  rudiment- 
ary; dorsal  arising  at  the  occiput.  Branchiostegals  slender, 
not  curved  around  the  opercle.  Urenchelys  anglicus  is  another 
species,  found  in  the  chalk  of  England. 

Suborder  Enchelycephali.  — ■  The  suborder  Enchelycephali  (ey- 
X^^vs,  eel;  xeipaXii,  head)  contains  the  tj^Dical  eels,  in  which 
the  shoulder-girdle  is  free  from  the  skull,  the  palatopterygoid 
arch  relatively  complete,  the  premaxillaries  wanting  or  rudi- 
mentary, the  ethmoid  and  vomer  coalesced,  forming  the  front 
of  the  upper  jaw,  the  maxillaries  lateral,  and  the  cranium  with 
a  single  condyle.  In  most  of  the  species  pectoral  fins  are  present, 
and  the  cranium  lacks  the  combined  degradation  and  speciali- 
zation shown  by  the  morays  (Colocepkali). 

Family  Anguillidte. — The  most  primitive  existing  family  is  that 
of  the  typical  eels,  Anguillid(E,  which  have  rudimentary  scales 
oblong  in  form,  and  set  separately  in  groups  at  right  angles  with 
one  another.  These  fishes  are  found  in  the  fresh  and  brackish 
waters  of  all  parts  of  the  world,  excepting  the  Pacific  coast  of 
North  America  and  the  islands  of  the  Pacific.  In  the  upper  Great 
Lakes  and  the  upper  Mississippi  they  are  also  absent  unless  intro- 
duced. The  species  usually  spawn  in  the  sea  and  ascend  the 
rivers  to  feed.  But  some  individuals  certainly  spawn  in  fresh 
water,  and  none  go  far  into  the  sea,  or  where  the  water  is  entirely 
salt.  The  young  eels  sometimes  ascend  the  brooks  near  the  sea 
in  incredible  numbers,  constituting  what  is  known  in  England 
as  "eel-fairs."  They  will  pass  through  wet  grass  to  surmount 
ordinary  obstacles.  Niagara,  Falls  they  cannot  pass,  and 
according  to  Professor  Baird  "iirJi|B|rinAb^Biiinmer  the 
visitor  who  enters  imder  Uw  (^btt^^^^^^^^^^^kfeBkfi^  ^^ 
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falls  will  be  astonished  at  the  enormous  numbers  of  young 
eels  crawling  over  the  slippery  rocks  and  squirming  in  the 
seething  whirlpools.  An  estimate  of  hundreds  of  wagon-loads, 
as  seen  in  the  course  of  the  perilous  journey  referred  to,  would 
hardly  be  considered  excessive  by  those  who  have  visited  the 
spot  at  a  suitable  season  of  the  year."  "At  other  times  large 
eels  may  be  seen  on  their  way  down-stream,  although  natu- 
rally they  are  not  as  conspicuous  then  as  are  the  hosts  of  the 
young  on  their  way  up-stream.  Nevertheless  it  is  now  a  well- 
assured  fact  that  the  eels  are  catadromous,  that  is,  that  the 


Eel,  Anguith  rhri»ypa  Rafincsque.     Holyoke, 


old  descend  the  watercourses  to  the  salt  water  to  spawn,  and 
the  yoxmg,  at  least  of  the  female  sex,  ascend  them  to  enjoy  life 
in  the  fresh  water." 

The  Food  of  the  Eel. — Eels  are  among  the  most  voracious 
of  all  fishes.  They  devour  dead  flesh  and  they  will  attack  any 
fish  small  enough  for  them  to  bite.  They  are  among  the  swiftest 
of  fishes.  They  work  largely  at  night,  and  devour  spawn  as  well 
as  grown  fishes. 

"On  their  hunting  excursions  they  overturn  huge  and  small 
stones  alike,  working  for  hours  if  necessary,  beneatli  which  they 
find  species  of  shrimp  and  crayfish,  of  which  they  are  exceed- 
ingly fond.  Of  shrimps  they  devour  vast  numbe;  s.  Their  noses 
are  poked  into  every  imaginable  hole  in  their  search  for  food,  to 
the  terror  of  innumerable  small  fiahes. 

Larva  of  the  Eel. — The  translucent  band-shaped  larva  of 
the  common  eel  has  been  very  recently  identified  and  described 
by  Dr.  Eigenmann.     It  is  probable  that  all  true  eels,  Enchcly- 
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cephali,  pass  through  a  band-shaped  or  leptocephalous  stage, 
as  is  the  case  with  Albula  and  other  Isospondyli,  In  the  con- 
tinued growth  the  body  becomes  firmer,  and  at  the  same  time 


FiQ.  271. — Lan'a  of  Common  Eel,  Anguilla  chnsypa   (Rafiiiesque),  called  Lepto^ 

cephalus  grassii.     (After  Eigenmaim.) 

much  shorter  and  thicker,  gradually  assuming  the  normal  form 
of  the  species  in  question. 

In  a  recent  paper  Dr.  Carl  H.  Eigenmann  has  very  fully 
reviewed  the  life-history  of  the  eel.  The  common  species  live 
in  fresh  waters,  migrating  to  the  sea  in  the  winter.  They 
deposit  in  deep  water  minute  eggs  that  float  at  the  surface. 
The  next  year  they  develop  into  the  band-shaped  larva.  The 
young  eels  enter  the  streams  two  years  after  their  parents  drop 
down  to  the  sea.  It  is  doubtful  whether  eels  breed  in  fresh 
water.     The  male  eel  is  much  smaller  than  the  female. 

The  eel  is  an  excellent  food-fish,  the  flesh  being  tender  and 
oily,  of  agreeable  flavor,  better  than  that  of  any  of  its  rela- 
tives. Eels  often  reach  a  large  size,  old  individuals  of  five  or 
six  feet  in  length  being  sometimes  taken. 

Species  of  Eels. — ^The  different  species  are  very  closely  related. 
Not  more  than  four  or  five  of  them  are  sharply  defined,  and 
these  mostly  in  the  South  Seas  and  in  the  East  Indies.  The 
three  abundant  species  of  the  north  temperate  zone,  Anguilla 
anguilla  of  Europe,  Anguilla  chrisypa  of  the  eastern  United  States, 
and  Anguilla  japonica  of  Japan,  are  scarcely  distinguishable.  In 
color,  size,  form,  and  value  as  food  they  are  all  alike. 

Fossil  species  referred  to  the  Anguillidw  are  known  from 
the  early  Tertiary.     Anguilla  leptoptera  occtirs  in  the  Eocene 
of  Monte  Bolea,  and  Anguilla  elegans  in  the  Miocene  of  CEningen 
in  Baden.     Other  fossil  eels  seem   to  belong  to  the  Nettastf 
midoB  and  MyridoB. 

Pug-nosed  Eels. — Allied  to  the  true  eel  is  the  pug-nosi 
Simenchelys    parasiticus,    constituting    the    family    of 
chelyidcB.    This  species  is  scaled  like  a  true  eel,  has  " 
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blunt  nose,  and  burrows  its  way  into  the  bodies  of  halibut  and 
other  large  fishes.     It  has  been  found  in  Newfoundland  and 


FlO.  27a.^Pug-no«ed  Eel,  Sirnenehelffv  paraiilieua  Gill.     Sable  Island  Bank. 


Madeira.  Another  family  possessing  rudimentary  scales  is  that 
of  the  Synaphobraitchida,  slender  eels  of  the  ocean  depths,  widely 
distributed.  In  these  forms  the  gill-openings  are  confluent. 
Syitaphobranchus  pinnatus  is  the  best-known  species. 


Fia,  273. — S'jnaphobranelius  pinruilus  (Gronow).     Le  Have  Bank. 


Conger-eels.  —  The  Leptocephalida:,  or  conger-eels,  are  very 
similar  to  the  fresh-water  eels,  but  are  without  scales  and  with 
a  somewhat  different  mouth,  the  dorsal  beginning  nearer  to  the 
head. 

The  principal  genus  is  Lcptoccplialiis,  including  the  common 
conger-eel  {LeptocephaUis  conger)  of  eastern  iVmerica  and  Europe 
and  numerous  very  similar  species  in  the  tropics  of  botli  con- 
tinents. These  fishes  are  strictly  marine  and,  reaching  the 
length  of  five  or  six  feet,  are  much  valued  as  food.  The  eggs 
are  much  larger  than  those  of  the  eel  and  are  produced  in  great 
numbers,  so  that  the  female  almost  bursts  with  their  numbers. 
Dr.  Hermes  calculated  that  3,300,000  were  laid  by  one  female 
in  an  aquarium. 

These  eggs  hatch  out  into  transparent  band-like  larva,  with 
very  small  heads  formerly  known  as  Leptocephalus.  an  ancient 
name  which  is  now  taken  for  the  genus  of  congers,  having 
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been  first  tised  for  the  larva  of  the  common  conger-eel.  The 
loose  watery  tissues  of  these  "ghost-fishes"  grow  more  and  more 
compact  and  they  are  finally  transformed  into  young  congers. 


Fra.  374. — Conger-eel,   Leplocephali 


Noank,  Coiut. 


The  MurcBnesocidtE  are  large  eels  remarkable  for  their  strong 
knife-like  teeth.  Murcenesox  savanna  occurs  in  the  West 
Indies  and  in  the  Mediterranean,  Murmnesox  cinereus  in  Japan, 
and  Alurcenesox  coniceps  on  the  west  coast  of  Mexico,  all  large 


Eigennuum.) 

and  fierce,  with  teeth  like  shears.  The  Myrid<E  are  small  and 
worm-like  eels  closely  allied  to  the  congers,  having  the  tail 
surrounded  by  a  fin,  but  the  nostrils  labial.  Mynis  myrus  is 
found  in  the  Mediterranean.  Species  of  Eomyrus,  Rhyncho~ 
rhiniis,  and  Parangmlla  apparently  allied  to  Myrus  occur  in  the 
Eocene.  Other  related  families,  mostly  rare  or  living  in  the 
deep  seas,  are  the  Ilyophid(E,  Heterocongridts,  and  Dysommidin. 

The  Snake-eels.^ — Most  varied  of  the  families  of  eels  is  the 
OpkichlhyidtD,  snake-like  eels  recognizable  by  the  form  of  the 
tail,  which  protrudes  beyond  the  fins.  Of  the  many  genera  found 
in  tropical  waters  several  are  remarkable  for  the  sharply  defined 
coloration,  suggesting  that  of  the  snake.  Characteristic  species 
are  Chlevastes  coliibrinus  and  Leiuraniis  semicinctus,  two  beauti- 
fully banded  species  of  Polynesia,  living  in  the  same  holes  in 
the  reefs  and  colored  in  the  same  fashion.    Another  is  Calle- 
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ckelys  melanctsma.     The  commonest  species  on  the  Atlantic 
coast  is  the  plainly  colored  Ophichlktis  gotnesi. 


Fio.  276. — A'j/TNMTWuloii' Jordan  &  Snyder.   Fannly  Ophichlhyida. 


In  the  genus  Sphagebranchns,  very  slender  eels  of  the  reefs, 
the  fins  are  almost  wanting. 


Mijrichthys  pantostigmi-ua  Jordan  &  McGr^or,     Clarion  Island. 


Allied  to  the  Congers  is  the  small  family  of  duck-billed  eels 
[Nettastomidw)  inhabiting  moderate  depths  of  the  sea,  Nct- 
tastotna  bolcense  occurs  in  the  Eocene  of  Monte  Bolca.  The  pro- 
duced snout  forms  a  transition  to  the  really  extraordinary  type 
of  thread-eels  or  snipe-eels  (Nemichtkyidee),  of  which  numerous 
genera  and  species  live  in  the  nceanic  depths.     In  Nemichiliys 


Fio.  Vl%.—Ophichthu»  ocelUitus  (Le  Sueur). 


the  long,  very  slender,  needle-like  jaws  are  each  curved  back- 
ward so  that  the  mouth  cannot  by  any  possihihty  be  shut. 
The  body  is  excessively  slender  and  the  fish  swims  with  swift 
londulations,  often  near  the  surface,  and  when  seen  is  usually 
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taken  for  a  snake.  The  bestrlmown  species  is  Nemtckthys  scolo- 
paceus  of  the  Atlantic  and  Pacific.  Nemichthys 
avocetta,  very  much  like  it,  has  been  twice  taken 
in  Puget  Sound. 

Saborder  Coloc«pbali,  or  Morays.  —  In  the 
suborder  Colocephalt  {koXos,  deficient;  xeipaK^, 
head)  the  palatopterygoid  arch  and  the  mem- 
brane-bones generally  are  very  rudimentary. 
The  skull  is  thus  very  narrow,  the  gill-struc- 
tures are  not  well  developed,  and  in  the  chief 
family  there  are  no  pectoral  fins.  This  group 
is  very  closely  related  to  the  Enchelycephali, 
from  which  it  is  probably  derived. 

In  the  great  family  of  morays  {MurcenidtB) 
the  teeth  are  often  very  highly  developed.  The 
muscles  are  always  very  strong  and  the  spines 
bite  savagely,  a  Hve  moray,  four  to  six  feet  long, 
being  often  able  to  drive  men  out  of  a  boat. 
The  skin  is  thick  and  leathery,  and  the  colora- 
tion is  highly  specialized,  the  pattern  of  color 


Fio.  876.  Fro.  280, 

Flo.  279 — Thread-eel,  Nemichihya  avoeelta  Jordan  &  Gilbert.  Vaneouver  Island. 
Fio.  280  — Jaws  of  Nemichthys  avoctUa  Jord&D  &  Gilbert. 

being  often  elaborate  and  brilliant.  In  Echidna  zebra  for  ex- 
ample the  body  is  wine-brown,  with  cross-stripes  of  golden 
yellow.  In  MtiriBna  each  nostril  has  a  barbel.  Murwna  helena, 
the  oldest  moray  known,  is  found  in  Europe.  In  Gymnothorax, 
the  largest  genus,  only  the  anterior  nostrils  are  thus  provided. 
Gymnothorax  mordax  of  California  is  a  large  food-fish,  as  are 
also  tile  liirnwn  Gymnothorax  funebris  and  the  spotted  Gymno- 
thorax moringa  in  the  West  Indies.  These  and  many  other  species 
may  coil  themselves  in  (  wvices  in  the  reefs,  whence  they  strike 
out  at  their  [hlv  likr  mi.  ^aking  perhaps  the  head  of  a  duck 
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In  many  of  the  morays  the  jaws  are  so  curved  and  the 
mouth  so  filled  with  knife-like  teeth  that  the  jaws  cannot  be 
closed.  This  fact,  however,  renders  no  assistance  to  their  prey, 
as  the  teeth  are  adapted  for  holding  as  well  as  for  cutting. 

In  Enchelynassa  bleekeri,  a  huge  wine-colored  eel  of  the  South 
Seas,  the  teeth  are  larger  than  in  any  other  species.     Evenchelys 


Fig.  291.— Jlfi 


{macmrus)  is  remarkable  for  its  extraordinary  length  of  tail. 
Echidna  for  its  blunt  teeth,  and  Scuticaria.  Uropterygins,  and 
Cliannomunaui  for  the  almost  complete  absence  of  fins.  In 
Auarchias  {allardicei;  knighti).  the  anal  fin  is  absent.  The  flesh 
of  the  morays  is  rather  agreeable  in  taste,  but  usually  oily  and 
not  readily  digestible,  less  wholesome  than  that  of  the  true  eels. 

The  Myrocongridcc  are  small  morays  with  developed  pectoral 
fins.     The  species  are  few  and  little  known. 

Family  Horinguidse. — Structurally  one  of  the  most  peculiar 
of  the  groups  of  eels  is  the  small  family  of  Moringuid<B  of  the 
East  and  West  Indies.  In  these  very  slender,  almost  worm- 
like fishes  the  heart  is  placed  very  far  behind  the  gills  and 
the  tail  is  very  short.  The  fins  are  very  little  developed,  and 
some  forms,  as  Gordiichthys  irrctiius  of  the  Gulf  of  Mexico,  the 
body  as  slender  as  a  whiplash,  possess  a  very  great  number  of 
vertebrie.  Morsngua  hawaiiensis  occurs  in  Hawaii.  M.  cdwardsi 
in  the  Bahamas.  This  family  probably  belongs  with  the  morays 
to  the  group  of  Colocephali,  although  its  real  relationships  are 
not  wholly  certain. 

Order  Carencheli,  the  Long-necked  Eels, — Certain  offshoots  from 
the  Apodes  so  widely  diverging  in  structure  that  they  must 
apparently  be  considered  as  distinct  orders  occur  sparingly 
in  the  deep  seas.     One  of  these,   Derichthys  seTpcnlimis,  the 
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long-necked  eel,  constitutes  the  sole  known  species  of  the  sub- 
order Curencheli  {xapa.  head;  'eyx^T^vi,  eel).  In  tliis  group 
tlic  premaxiUaries  and  maxillaries  are  present  as  in  ordin;iry 


Fig.  %sa.—GjiTnnoth 


fishes,  but  united  by  suture  and  soldered  to  the  c 

in  true  eels,  the  shoulder-girdle  is  remote  from  the  skull.     Tlie 


FiQ.  284  — M. 


head  is  set  on  a  snake-like  neck.  The  single  species  representing 
the  family  Derichthyidce  was  found  in  the  abysmal  depths  of 
the  Gulf  Stream. 

Order  Lyomeri,  or  Gulpers. — Still  more  aberrent  and  in  many 
respects  extraordinary  are  the  eels  of  the  order  or  suborder 
Lyomeri  ('Kvoi,  loose;  /lepos,  part),  known  as  "Gulpers." 
These  are  degenerate  forms,  possibly  degraded  from  some  con- 
ger-like type,  but  characterized  by  an  extreme  looseness  of 
structure  unique  among  fishes.  The  gill-archcs  are  reduced 
to  five  small  bars  of  lx)ne,  not  attached  to  the  skull,  the  pala- 
topterygoid    arch    is   wholly  wanting,    the  premaxiUaries    are 
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wanting,  as  in  all  true  eels,  and  the  maxillaries  loosely  joined 
to  the  skull.  The  sjinplectic  bone  is  wanting,  and  the  lower  jaw 
is  so  hinged  to  the  skull  that  it  swings  freely  in  various  direc- 
tions.    In  place  of  the  lateial  line  are  singular  appendages. 


Fig.  285. — Dfrichilnjt  ttrpentinu*  GilL    Gulf  Stream. 

Dr.  Gill  says  of  these  fishes :  "  The  entire  organization  is  peculiar 
to  the  extent  of  anomaly,  and  our  old  conceptions  of  the  char- 
acteristics of  a  fish  require  to  be  modified  in  the  light  of  our 
knowledge  of  such  strange  beings."  Special  features  are  the 
extraordinary  size  of  the  mouth,  which  has  a  ca\-ity  larger  than 
that  of  the  rest  of  the  body,  the  insertion  of  the  very  small 
eye  at  the  tip  of  the  snout,  and  the  relative  length  of  the  tail. 
The  whole  substance  is  excessively  fragile  as  usual  with  animals 
li\Tng  in  great  depths  and  the  color  is  jet  black.     Three  species 


Fic  384. — Gulper-eel,  Gaxlrruilomus  bairdi  Gill  iS:   Kyder.     (iulf  Stream. 


have  been  described,  and  these  have  been  placed  in  two  famihes, 
Saccopliaryngid<B,  with  the  trunk  (gill-opening  to  the  vent)  much 
longer  than  the  head,  and  Ettrypharyngida:,  with  the  trunk  ver\* 
short,  much  shorter  than  the  head.  The  best-known  species 
is  the  pelican  eel  {Ettrypharyux  pelacanoides) .  of  the  coast  of 
Morocco,  described  by  \'aillant  in  1882.  Gastrostomus  bairdi, 
ver\'  much  like  it,  occurs  in  the  great  depths  under  the  Gulf 
Stream.     So  fragile  and  so  easily  distorted  are  these  fishes  that 
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it  is  possible  that  all  three  are  really  the  same  species,  for  which 
the  oldest  name  would  be  Saccopharynx  ampullaceus.  Of  this 
form  four  specimens  have  been  taken  in  the  Atlantic,  one  of 
them  six  feet  long,  carried  to  the  surface  through  having 
swallowed  fishes  too  large  to  be  controlled.  To  be  carried  above 
its  depth  in  a  struggle  with  its  prey  is  one  of  the  greatest  dangers 
to  which  the  abysmal  fishes  are  subject. 

Order  Heteromi. — The  order  of  Heieromi  (cTepoSy  different; 
cS/io?,  shoulder),  or  spiny  eels,  may  be  here  noticed  for  want  of 
a  better  place,  as  its  affinities  are  very  uncertain.  Some  writers 
have  regarded  it  as  allied  to  the  eels ;  some  have  placed  it  among 
the  Ganoids.  Others  have  found  affinities  with  the  stickle- 
backs, and  still  others  with  the  singular  fresh-water  fishes  called 
Mastacembelus.  The  Heteromi  agree  with  the  eels,  as  well  as 
with  Mastacembelus,  in  having  the  scapular  arch  separate  from 
the  cranium.  Unlike  all  the  true  eels,  most  of  the  species  have 
true  dcTsal  and  anal  spines,  as  in  the  Percesoces  and  Hemi- 
branchii.  The  ventral  fins,  when  present,  are  abdominal  and 
each  with  several  spines  in  front,  a  character  not  found  among 
the  Acanthopteri.     There  is  no  mesocoracoid. 

The  air-bladder  has  a  duct,  and  the  coracoids,  much  as  in 
the  Xenomty  are  reduced  to  a  single  lamellar  imperforate  plate. 
The  two  groups  have  little  else  in  common,  however,  and  this 
trait  is  possibly  primitive  in  both  cases,  more  likely  to  have 
arisen  through  independent  degeneration.  The  separation  of 
the  shoulder-girdle  doubtless  indicates  no  affinity  with  the  eels, 
as  the  bones  of  the  jaws  are  quite  normal.  Two  families  are 
known,  both  from  the  deep  sea,  besides  an  extinct  family  in 
which  spines  are  not  developed. 

The  Notacanthidce  are  elongate,  compressed,  ending  in  a  band- 
shaped,  tapering  tail;  the  back  has  numerous  free  spines  and 
few  or  no  soft  rays,  and  the  mouth  is  normal,  provided  with 
teeth.  The  species  of  Notacanthus  are  few  and  scantily  pre- 
served. Those  of  Macdonaldia  are  more  abundant.  Mac- 
donaldia  challengeri  is  from  the  North  Pacific,  being  once  taken 
off  Tokio.  The  extinct  family  of  ProtonotacanihidcB  differs  in 
the  total  absence  of  dorsal  spines  and  fin-rays ;  the  single  species, 
Pronotocanthiis  sahel-almcUy  originally  described  as  a  primitive 
eel,  occurs  in  the  Cretaceous  of  Motmt  Lebanon. 
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The  Lipogenyidce  have  a  round,  sucker-like  mouth,  with 
imperfect  lower  jaw,  but  are  otherwise  similar.  Lipogenys 
gilli  was  dredged  in  the  Gulf  Stream. 


Fig.  387. — Nolacanlhus  phatganorug  Goode  it  Bean.     Grand  Banks. 


Dr.  Boulenger  has  recently  extended  the  group  of  Heteromi 
by  the  addition  of  the  Dercetidm,  Halosauridm  (Lyopomi),  and 
the  Fierasjerida.  We  can  hardly  suppose  that  all  these  forms 
are  really  allied  to  Notacanthus. 
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ISTAJUOPHySL— A  lar^e  grc^  cf  ':r^ers.  cerariV  of 

*>tr.^  of  the  s^^cies  z,'^-j;s  'r.is'rS.y  spec-UIizai.  ethers  ^^riKLSiy 
dtgenerate.  A  thief  cr^rti.;*.er  is  ;h^r^  hy  £.!!  the  species.  The 
antJervvr  vertebrge  ar^  er.l£.rz^:f;.  ir,terl-<kec.  (xnsiier^hly  rnoii- 
fie»i,  ar.d  thrrrjgh  their  a  series  if  i~j^'l  h-cnes  ci-nnect  the  air- 
bla/ider  -a-ith  the  ear,  Tr.e  air-blai-ir  thus  hecritries  srpsrer.tly 
an  fjTg&Ti  of  hearing  through  a.  foTTr.  of  (xiinecticn  which  is 
k»st  in  all  the  higher  fishes. 

In  al!  the  meir.bers  of  this  group  exceptir.g  perhsps  thecegraded 
eel-like  ii-jTZTS  calle'l  'J;■»Kt^:■!:■:;;.  the  mesootr^^  id  arch  persists. 
a  irai*  fo'jnd  in  all  the  li.ir.g  types  of  Ga-tiis.  as  we"  as  in  the 
TeUo:t  or'ler  of  Isozp.ii-i-,'.:.    Oth^  tri::=  ■::   the  ir'5tarioph\"5an 

at  front  of  '\'ir^\  or  j^xxtoral.  Pr.e  scales,  if  present,  are  cycloid 
(fT  rejflacft'I  by  bor.y  plates. 

M;iny  of  the  sj/ecies  have  an  armal'jre  ir.-jch  like  that  of 
the  slurjieon,  but  here  the  resemblance  er.'is.  the  bony  plates 
in  the  two  cases  beinj;  without  doubt  independently  evolved. 
According  to  Ojpe,  the  affinities  of  the  catfishes  to  the  sturgeon 
are  "seen  in  the  absence  of  symplectic.  the  rudin-.entar\- max:llar\- 
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bone,  and,  as  observed  by  Parker,  in  the  interclavicles.    There  is 
also  a  superficial  resemblance  in  the  dermal  bones."     But  it  is 
not  likely  that  any  real  affinity  exists. 

The  sturgeons  lack  the  characteristic 
auditory    ossicles,     or     "Weberian     ap- 
paratus," which  the  catfishes  possess  in 
common  with  the  carp  family,  the  Cha- 
Tacins,  and  the  Gymnonoti.    These  orders 
must    at    least    have    a  common    origin, 
although  this  origin  is  obscure,  and  fossil 
remains  give  little  help  to  the  solution  of 
the  problem.      Probably  the  ancestors  of 
\Mv^X^'    ^^'^  Ostariophysi  are  to  be  found  among 
\\\\^  "^     the  allies  of  the  Osteoglossidts.      Gill  has 
called    attention  to    the  resemblance  of 
sbouider-^rdle    of  the   ErythriiiHS  to  Amia.    In  any  event,  all  the 

Buffalo-fiMh,  leiiobuabu'     „  .      ,        .  ,  -  ,         , 

balus  RafinesquB,  show-   Ustartophyst  must  be  considered  together, 

(M)   ^Afte^suriLT'*'   ^  '^  '^  "^"^  conceivable  that  so  complex 

a  structure   as  the  Weberian    apparatus 

should    have   been    more    than   once    independently    evolved. 

The    branchiostegals.    numerous    among    the   Isospondyli,    are 

mostly  few  among  the  Ostariophysi. 

To  the  Ostariophysi  belong  the  vast  majority  of  the  fresh- 
water fishes  of  the  world.     Their  primitive  structiu"e  is  shown  in 


(From  Gunther, 


many  ways;  among  others  by  the  large  number  of  vertebne 
instead  of  the  usual  twenty-four  among  the  more  highly  special- 
ized families  of  fishes.     We  may  group  the  Ostariophysi  under 
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four  orders:  Heterogftathi,  Eventognathi  (Pleciospofidyl{),  Xema- 
togftathi,  and  Gymnofwti. 

The  HeterognathL — Of  these  the  order  of  Heierogftaihi  seems 
to  be  the  most  primitive,  but  in  some  ways  the  most  highly  de- 
veloped, showing  fewer  traits  of  degeneration  than  any  of  the 
others..  The  presence  of  the  adipose  fin  in  this  group  and  in 
the  catfishes  seems  to  indicate  some  sort  of  real  affinity  with 
the  salmon-like  forms,  although  there  has  been  great  change  in 
other  regards. 

The  order  Heterognathi,  or  Characini  (erepos,  different ;  yva- 
$os,  jaw),  contains  those  Ostariophysi  which  retain  the  meso- 
coracoid  and  are  not  eel-like,  and  which  have  the  lower  pharyn- 
geals developed  as  in  ordinary  fishes.  In  most  cases  an  adipose 
fin  is  present  and  there  are  strong  teeth  in  the  jaws.  There  are 
no  pseudobranchiae,  and,  as  in  the  Cyprinidce,  usually  but  three 
branchiostegals.  The  Characidce  constitute  the  majority  of  the 
fresh-water  fishes  in  those  regions  which  have  neither  Cyprinidw 
nor  SalmonidxB.  Nearly  four  hundred  species  are  known  from 
the  rivers  of  South  America  and  Africa.  A  single  species, 
Teiragonopteriis  argeniatus,  extends  its  range  northward  to  the 
Rio  Grande  in  Texas.  None  are  found  in  Asia,  Europe,  or,  with 
this  single  exception,  in  the  United  States.  Most  of  them  are 
small  fishes  with  deep  bodies  and  very  sharp,  serrated,  incisor- 
like  teeth.  Some  are  as  innocuous  as  minnows,  which  they  very 
much  resemble,  but  others  are  extremely  voracious  and  destruc- 
tive in  the  highest  degree.  Of  the  caribe,  belonging  to  the 
genus  Serrasabno,  known  by  its  serrated  belly,  Dr.  Gunther 
observes : 

"Their  voracity,  fearlessness  and  number  render  them  a 
perfect  jjest  in  many  rivers  of  tropical  America.  In  all  the 
teeth  are  strong,  short,  sharp,  sometimes  lobed  incisors,  arranged 
in  one  or  more  series;  by  means  of  them  they  cut  off  a  mouth- 
ful of  flesh  as  with  a  pair  of  scissors;  and  any  animal  falling 
into  the  water  where  these  fish  abound  is  immediately  attacked 
and  cut  to  pieces  in  an  incredibly  short  time.  They  assail 
persons  entering  the  water,  inflicting  dangerous  wounds  before 
the  victims  are  able  to  make  their  escape.  In  some  localities 
it  is  scarcely  possible  to  catch  fishes  with  the  hook  and  line,  as 
the  fish  hooked  is  immediately  attacked  by  the  *  caribe'   (as 
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these  fish  are  called),  and  torn  to  pieces  before  it  can  be  with- 
drawn from  the  water.  The  caribes  themselves  are  rarely 
hooked,  as  they  snap  the  hook  or  cut  the  line.  The  smell  of 
blood  is  said  to  attract  at  once  thousands  of  these  fishes  to  the 
spot. " 

Two  families  of  Heterognathi  are  recognized:  the  Erythri- 
nida,  which  lack  the  adipose  fin,  and  the  CharacidcB,  in  which 
this  fin  is  developed.  The  Erythrinidw  are  large  pike-like 
fishes  of  the  South  American  rivers,  robust  and  tenacious  of 
life,  with  large  mouths  armed  with  strong  unequal  teeth.  The 
best-known  species  is  tlie  Trahira  {Hoplias  malabaricus) . 

Among  the  Characida;,  Serrasalmo  has  been  already  noticed. 
CitharintiS  in  Africa  has  very  few  teeth,  and  Curimatus  in  South 
America  none  at  all.      Nannocharax  in  Africa  is  composed  of 


FiQ.  290. — Bryton  dentrx  Giinther,     Family  Chamcidie.     Nicaragua. 


very  diminutive  fishes,  Hydrocyon  exceedingly  voracious  ones, 
reaching  a  length  of  four  feet,  with  savage  teeth.  Many  of  the 
species  are  allies  of  Tetragonopiems,  small,  silvery,  bream-Uke 
fishes  with  flat  bodies  and  serrated  incisor  teeth.  Most  of  these 
are  American.  A  related  genus  is  Brycon,  found  in  the  streams 
about  the  Isthmus  of  Panama. 

Extinct  Characins  are  very  rare.  Two  species  from  the  Ter- 
tiary lignite  of  Sao  Paulo,  Brazil,  have  been  referred  to  Tetra- 
gonopterus — T.  avus  and  T.  ligniticus. 

The  Eventognathi. — The  Eveniognathi  <ev,  well;  It-,  within; 
yvaSos.  jaw)  are  characterized  by  the  absence  of  teeth  in  the 
jaws  and  by  the  high  degree  of  specialization  of  the  lower  phar- 
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yngeals,  which  are  scythe-shaped  and  in  typical  fonns  are  anned 
with  a  relatively  small  number  of  highly  specialized  teeth  of 
peculiar  shape  and  arranged  in  one,  two,  or  three  rows.  In 
all  the  species  the  gill-openings  are  restricted  to  the  sides';  there  is 
no  adipose  fin,  and  the  broad,  flat  branchiostegals  are  but  three 
in  number.  In  all  the  species  the  scales,  if  present,  are  cycloid, 
and  the  ventral  fins,  of  course,  abdominal.  The  modification 
of  the  four  anterior  vertebrae  and  their  connection  with  the 
air  bladder  are  essentially  as  seen  in  the  catfishes. 

The  name  Pleciospondyli  is  often  used  for  this  group  {nXeKTos, 
interwoven;  crn6vSx>\os,  vertebra),  but  that  term  originally  in- 
cluded the  Characins  as  well. 

The  C]T>rirud«. — The  chief  family  of  the  Eveniogttathi  and  the 
largest  of  all  ihe  families  of  fishes  is  that  of  Cyprinidce,  comprising 


200  genera  and  over  2000  species,  found  throughout  the  north  tem- 
perate zone  l)Ut  not  extending  to  the  Arctic  Circle  on  the  north, 
nor  much  beyond  the  Trojjic  of  Cancer  on  the  south.  In  this 
family  belong  all  the  fishes  known  as  carp,  dace,  chub,  roach, 
bleak,  minnow,  bream,  and  shiner.  The  essential  character  of  the 
family  lies  in  the  presence  of  one,  two,  or  three  rows  of  bighly 
specialized  teeth  on  the  lower  pharyngeals,  the  main  row  con- 
taining 4,  5.  6,  or  7  teeth,  the  others  i  to  3.  The  teeth  of  the 
main  row  differ  in  form  according  to  the  food  of  the  fish.  They 
may  be  coarse  and  blunt,  molar -like  in  those  which  feed  on  shells ; 
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they  may  be  hooked  at  tip  in  those  which  eat  smaller  fishes; 
they  may  be  serrated  or  not;  they  may  have  an  excavated 
"grinding  surface,"  which  is  most  developed  in  the  species  which 
feed  on  mud  and  have  long  intestines.  In  the  Cyprinida,  or 
carp  family,  the  barbels  are  small  or  wanting,  the  head  is  naked, 
the  caudal  fin  forked,  the  mouth  is  toothless  and  without  suck- 
ing lips,  and  the  premaxillaries  form  its  entire  margin.  With 
a  few  exceptions  the  Cyprinidce  are  small  and  feeble  fishes. 
They  form  most  of  the  food  of  the  predatory  river  fishes,  and 
their  great  abundance  in  competition  with  these  is  due  to  their 
fecundity  and  their  insignificance.  They  spawn  profusely  and 
find  everywhere  an  abundance  of  food.  Often  they  check  the 
increase  of  predatory  fish  by  the  destruction  of  their  eggs. 

In  many  of  the  genera  the  breeding  color  of  the  males  is 
very  brilhant,  rendering  these  little  creatures  for  a  time  the 
most  beautifully  colored  of  fishes.  In  spring  and  early  summer 
the  fins,  sides,  and  head  in  the  males  are  often  charged  with  pig- 
ment, the  prevailing  color  of  which  is  rosy,  though  often  satin- 
white,  orange,  crimson,  yellow,  greenish,  or  jet  black.  Among 
American  genera  Ckrosomits,  Notropis,  and  Rliiiiichlhys  are  most 
highly  colored.  Rlwdeiis.  RtiUlits,  and  Zacco  in  the  Old  World 
are  also  often  very  brilliant. 

In  very  many  species,  especially  in  America,  the  male  in 
the  breeding  season  is  often  more  or  less  covered  with  small. 


Pio.  S92. — Dlack-noeed  Dace,  Rhinichlhya  dulcis  Qinrd.    'i'eUowatone  River. 


grayish  tubercles  or  pearly  bodies,  outgrowths  of  the  epidermis. 
These  are  most  numerous  on  the  head  and  fall  off  after  the 
breeding  season.    They  are  most  developed  in  Campostoma. 

The  Cyprinida  are  little  valued  as  food-fishes.     The  carp, 
largely  domesticated  in  small  ponds  for  food,   is  coarse  and 
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tasteless.  Most  of  the  others  are  flavorless  and  full  of  small 
bones.  One  species,  Opsariichthys  tincirostris,  of  Japan  is  an 
exception  in  this  regard,  being  a  fish  of  very  delicate  flavor. 

In  America  225  species  of  Cyprinida:  are  known.     One  hun- 
dred of  these  are  now  usually  held  to  form  the  single  genus 


White  Chub,  Nolroph  hudeonius  (Clinton).     Kilpatrick  Lake,  Min 


Notropis.  This  includes  the  smaller  and  weaker  species,  from 
two  to  seven  inches  in  length,  characterized  by  the  loss,  mostly 
through  degeneration,  of  special  peculiarities  of  mouth,  fins,  and 
teeth.     These  have  no  barbels  and  never  more  than  four  teeth 


Fia.   284. — ftilver-jaw  Miniio^\,  hTicymba  baecala  Cope.     Defiance,  (.'hio, 

in  the  main  row.  Few,  if  any,  Asiatic  species  have  so  small 
a  number,  and  in  most  of  these  the  maxillary  still  retains  its 
rudimentary  barbel.  But  one  American  genus  (Orthodon)  has 
more  than  five  teeth  in  the  main  row  and  none  have  more  than 
two  rows  or  more  than  two  teeth  in  the  lower  row.  By  these 
and  other  peculiarities  it  would  seem  that  the  American  species 
are  at  once  less  primitive  and  less  complex  than  the  Old  World 
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forms.  There  is  some  evidence  that  the  group  is  derived  from 
Asia  through  western  America,  the  Pacific  Coast  forms  being 
much  nearer  the  Old  World  types  than  the  forms  inhabiting  the 
Mississippi  Valley.  Not  many  Cyprinidcs  are  found  in  Mexico, 
none  in  Cuba,  South  America,  Australia,  Africa,  or  the  islands 
to  the  eastward  of  Borneo.  Many  species  are  very  widely 
distributed,  many  others  extremely  local.  In  the  genus  Notro- 
pis,  each  river  basin  in  the  Southern  States  has  its  series  of  different 
and  mostly  highly  colored  species.  The  presence  of  Noiropis 
niveus  in  the  Neuse,  Notropis  pyrrhomelas  in  the  Santee,  Noiro- 
pis sonistius  in  the  Chattahoochee,  Notropis  callistius,  tri- 
chroistius,  and  stigmaturtis  in  the  Alabama,  Notropis  whipplei  in 


Fin.  396.— Silverfin,  Notropis   whipplei  (Girerd).    White  Ktver,  lodiana. 
Family  Cyprinidce. 

the  Mississippi,  Noiropis  galacturus  in  the  Tennessee,  and  Notro- 
pis cercostigma  in  the  Sabine  forms  an  instructive  series  in  this 
regard.  These  fishes  and  the  darters  {Etheostomina:)  are,  among 
American  fishes,  the  groups  best  suited  for  the  study  of  local 
problems  in  distribution. 

Species  of  Dace  and  Shiner. — Noteworthy  species  in  other 
genera  are  the  following: 

Largest  and  best  known  of  the  species  of  Notropis  is  the 
familiar  shiner  or  redfin,  Notropis  cornutiis,  found  in  almost 
every  brook  throughout  the  region  east  of  the  Missouri  River. 

Campostoma  anomalum,  the  stone-roller,  has  the  very  long 
intestines  six  times  the  length  of  its  body,  arranged  in  fifteen 
coils  around  the  air-bladder.  This  species  feeds  on  mud  and 
spawns  in  little  brooks,  swarming  in  early  spring  throughout 
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the  Mississippi  Valley,  and  is  notable  for  its  nuptial  tubercles 
and  the  black  and  orange  fins. 

In  the  negro-chub,  Exoglossum  maxillingua  of  the  Pennsyl- 


vanian  district,  the  rami  of  the  lower  jaw  are  united  for  their 
whole  length,  looking  like  a  projecting  tongue. 

The  fallfish,  Semotilus  corporalis,  is  the  largest  chub  of  the 
Eastern  rivers,  i8  inches  long,  living  in  swift,  clear  rivers.  It 
is  a  soft  fish,  and  according  to 
Thoreau  "  it  tastes  like  brown 
paper  salted"  when  it  is  cooked. 
Close  to  this  is  the  homed  dace, 
Semotilus  airomaculatus,  and  the 
homy  head,  Hybopsis  kentucki-  ' 
ensis,  both  among  the  most  widely 
distributed  of  our  river  fishes. 
These  are  all  allied  to  the  gudgeon 
{Gobio  gobio),  a  common  boys'  fish 
of  the  rivers  of  Europe,  and  much  '^'o. 
sought  by  anglers  who  can  got 
nothing    better.  The    bream, 

/lirai«i5,  represented  by  numerous  species  in  Europe,  has  a  deep 
compressed  body  and  a  very  long  anal  fin.  It  is  also  well  repre- 
sented in  America,  the  golden  shiner,  common  in  Eastern  and 
Southern  streams,  being  Abramis  chrysoleucus.  The  bleak  of 
Europe  {Alburims  albiiniiis)  is  a  "shiner"  close  to  some  of  our 
species  of  Notropis,  while  the  minnow  of  Europe,  Phoxintts 
phoxinus,  resembles  our  gorgeously  colored  Chrosomus  erythro- 


!T — Head  of  Day-chub,  Exit- 
um    mnxilbnrpia     (Le  Sueur). 
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gaster.     Other  European  fonns  are  the  roach  {Rutilus  rutilus), 
the  chub  {Lenciscus  cephalus),  the  dace  {Leuciscus  leuciscus). 


—Homed  Dace,  Semotilua  alrnmaevlahu  (Mitcbill). 
Ills,     Family  Cyprinida. 


Aux  PlAineB  lUver, 


the  ide  {Idus  idus),  the  red-eye  (Scardinius  erythropthalmus), 
and  the  tench  {Tinea  tinea).  The  tench  is  the  largest  of  the 
European  species,  and  its  virtues  with  those  of  its  more  or  less 


Flo.  299. — Sluner,  Abramia  ehryaoleitctia  (Mitchill).     Hackensack  River,  N.  J. 

insignificant  allies  are  set  forth  in  the  pages  of  Izaak  Walton. 
All  of  these  receive  more  attention  from  anglers  in  England 
than  their  relatives  receive  in  America.  All  the  American 
Cyprinida  are  ranked  as  "boys'  fish,"  and  those  who  seek  the 
trout  or  black  bass  or  even  the  perch  or  crappie  will  not  notice 
them.     Thoreau  speaks  of  the  boy  who  treasures  the  yellow 
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perch  as  a  real  fish:    "So  many  unquestionable  fish  he  counts, 
then  so  many  chubs  which  he  counts,  then  throws  away," 

Chubs  of  the  Pacific  Slope. — In  the  Western  waters  are  numer- 
ous genera,  some  of  the  species  reaching  a  large  size.    The  species 
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of  squawfish  (Ptychocheilus  lucitts  in  the  Colorado,  Ptychocheilus 
grandis  in  the  Sacramento,  and  Ptychocheilus  oregonensis  in  the 
Columbia)  reach  a  length  of  4  or  5  feet  or  even  more.  These 
fishes  are  long  and  slender,  with  lai^e  toothless  mouths  and 
the  aspect  of  a  pike. 

Allied  to  these  are  the  "hard  tails"  (Gila  elegans  and  Gila 
robusta)  of  the  Colorado  Basin,  strange-looking  fishes  scarcely 
eatable,  with  lean  bodies,  flat  heads,  and  expanded  tails.  The 
split-tail,  Pogonichthys  macrolepidotus,  is  found  in  the  Sacramento. 

In  the  chisel-mouth,  Acrocheilus  alutaceus,  of  the  Columbia 
the  lips  have  a  hard  cutting  edge.     In  Meda.  very  small  fishes 


of  the  Colorado  Basin,  the  dorsal  has  a  compound  spine  of 
peculiar  structure.  Many  of  the  species  of  Western  waters 
belong  to  the  genus  Leuciscus,  which  includes  also  many  species 
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of  Asia  and  Europe.  The  common  Japanese  dace  (Leuciscus 
hakuensis)  is  often  found  out  in  the  sea,  but,  in  general, 
CyprinidcB  are  only  foimd  in  fresh  waters.  The  genus  of 
barbels  (Barbus)  contains  many  large  species  in  Europe  and 
Asia.  In  these  the  barbel  is  better  developed  than  in  most 
other  genera,  a  character  which  seems  to  indicate  a  primitive 
organization.  Barbus  mosal  of  the  mountains  of  India  is  said 
to  reach  a  length  of  more  than  six  feet  and  to  have  **  scales 
as  large  as  the  palm  of  the  hand.'' 

The  Carp  and  Goldfish. — In  the  American  and  European  Cy- 
prinidce  the  dorsal  fin  is  few-rayed,  but  in  many  Asiatic  species 
it  is  longer,  having  15  to  20  rays  and  is  often  preceded  by  a  ser- 
rated spine  like  that  of  a  catfish.  Of  the  species  with  long 
dorsal  the  one  most  celebrated  is  the  carp  (Cyprinus  carpio). 
This  fish  is  a  native  of  the  rivers  of  China,  where  it  has  been 
domesticated  for  centuries.  Nearly  three  hundred  years  ago  it 
was  brought  to  northern  Europe,  where  it  has  multiplied  in 
domestication  and  become  naturalized  in  many  streams  and 
ponds.  Of  late  years  the  cultivation  of  the  carp  has  attracted 
much  attention  in  America.  It  has  been  generally  satisfactory 
where  the  nature  of  the  fish  is  understood  and  where  expecta- 
tions have  not  been  too  high. 

The  carp  is  a  dull  and  sluggish  fish,  preferring  shaded,  tran- 
quil, and  weedy  waters  with  muddy  bottoms.  Its  food  con- 
sists of  water  insects  and  other  small  animals,  and  vegetable 
matter,  such  as  the  leaves  of  aquatic  plants.  They  can  be 
fed  on  much  the  same  things  as  pigs  and  chickens,  and  they 
bear  much  the  same  relation  to  trout  and  bass  that  pigs  and 
chickens  do  to  wild  game  and  game-birds.  The  carp  is  a  very 
hardy  fish,  grows  rapidly,  and  has  immense  fecundity,  700,000 
eggs  having  been  found  in  the  ovaries  of  a  single  individual. 
It  reaches  sometimes  a  weight  of  30  to  40  pounds.  As  a  food- 
fish  the  carp  cannot  be  said  to  hold  a  high  place.  It  is  tolerated 
in  the  absence  of  better  fish. 

The  carp,  either  native  or  in  domestication,  has  many  ene- 
mies. In  .\merica,  catfish,  sunfish,  and  pike  prey  upon  its  eggs 
or  its  young,  as  well  as  water-snakes,  turtles,  kingfishe-s,  cray- 
fishes, and  many  other  creatures  which  live  about  our  ponds 
and  in  sluggish  streams.     In  domestication  numc*rous  varieties 
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of  carp  have  been  formed,  the  "leather-carp"  (Lederkarpfen) 
being  scaleless,  others,  "mirror-carp"  (Spiegelkarpfen) ,  having 
rows  of  lai^e  scales  only  along  the  lateral  line  or  the  bases  of 

the  fins. 

Closely  allied  to  the  carp  is  the  goldfish  {Carassius  auratus). 
This  is  also  a  common  Chinese  fish  introduced  in  domestication 
into  Europe  and  America.  The  golden-yellow  color  is  found 
only  in  domesticated  specimens,  and  is  retained  by  artificial 
selection.  The  native  goldfish  is  olivaceous  in  color,  and  where 
the  species  has  become  naturalized  (as  in  the  Potomac  River, 
where  it  has  escaped  from  fountains  in  Washington)  it  reverts 
to  its  natural  greenish  hue.  The  same  change  occurs  in  the 
rivers  of  Japan.  The  goldfish  is  valued  solely  for  its  bright 
colors  as  an  ornamental  fish.  It  has  no  beauty  of  form  nor 
any  interesting  habits,  and  many  of  our  native  fishes  {Percidce, 
Cyprinidts)  far  excel  it  in  attractiveness  as  aquarium  fishes. 
Unfortunately  they  are  less  hardy.  Many  varieties  and  mon- 
strosities of  the  goldfish  have  been  produced  by  domestication. 

The  Catostomidfie. — -The  suckers,  or  CatostomidtE,  are  an  off- 
shoot from  the  Cyprinidts,  differing  chiefly  in  the  structure  of  the 
mouth  and  of  the  lower  pharyngeal  bones. 
The  border  of  the  mouth  above  is  formed 
mesially  by  the  small  premaxillaries  and 
laterally  by  the  maxillaries.  The  teeth  of 
the  lower  pharyngeals  are  small  and  very 
numerous,  arranged  in  one  series  like  the 
teeth  of  a  comb.  The  lips  arc  usually  thick 
and  fleshy,  and  the  dorsa!  fin  is  more  or  less 
elongate  (its  rays  eleven  to  fifty  in  number), 
characters  which  distinguish  the  suckers  from 
the  American  Cyprinidir  generally,  but  not 
from  those  of  the  Old  World. 

About  sixty  species  of  suckers  are  known, 
all  of  them  found  in  the  rivers  of  North 
America  except  two,  which  have  been  re- 
corded on  rather  uncertain  authority  from 
Siberia  and  China.  Only  two  or  three  of 
the  species  extend  their  range  south  of  the 
Tropic  of  Cancer  into  Mexico  or  Central  America,  and  none 
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occurs  in  Cuba  nor  in  any  of  the  neighboring  islands.  The 
majority  of  the  genera  are  restricted  to  the  region  east  of  the 
Rocky  Mountains,  although  species  of  Catosiomtis,  Ckasmistes, 
Deltistes,  Xyraucken,  and  Pantosteus  are  Tound  in  abundance 
in  the  Great  Basin  and  the  Pacific  slope. 

In  size  the  suckers  range  from  six  inches  in  length  to  about 
three  feet.  As  food-fishes  they  are  held  in  low  esteem,  the  flesh 
of  all  being  flavorless  and  excessively  full  of  small  bones.  Most 
of  them  are  sluggish  fishes;  they  inhabit  all  sorts  of  streams, 
lakes,  and  ponds,  but  even  when  in  mountain  brooks  they 
gather  in  the  eddies  and  places  of  greatest  depth  and  least 
current.  They  feed  on  insects  and  small  aquatic  animals, 
and  also  on  mud,  taking  in  their  food  by  suction.  They  are  not 
very  tenacious  of  life.  Most  of  the  species  swarm  in  the  spring 
in  shallow  waters.  In  the  spawning  season  they  migrate  up 
smaller  streams  than  those  otherwise  inhabited  by  them.     The 


large  species  move  from  the  large  rivers  into  smaller  ones;   the  ' 
small  brook  species  go  into  smaller  brooks.     In  some  cases 
the  males  in  spring  develop  black  or  red  pigment  on  the  body 
or  fins,  and  in  many  cases  tubercles  similar  to  those  found  J" 
the  Cyprinida:  appear  on  the  head,  body,  and  anal  and 
fins. 

The  buffalo-fishes  and  carp-suckers,  constitutii^  the 
Ictiobus  and  Carpiodes,  are  the  largest  of  the  Catostomki 
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bear  a  considerable  resemblance  to  the  carp.     They  have  the 
dorsal  fin  many-rayed  and  the  scales  large  and  coarse.     They 


ItufFalo-fish,  leticbu*  cyprindla  (Cuv.  &  V&l.).     Normal,  Dl. 


abound  in  the  large  rivers  and  lakes  between  the  Rocky  Mountains 
and  the  Alleghanies,  one  species  being  found  in  Central  America 
and  a  species  of  a  closely  related  genus  {Myxocyprinus  asiaticus) 


Fia.  305. — Carp-9ucker,  Carpiodes  cyprinttt  (Lp  Sueur).     Havre  de  Grace. 


being  reported  from  eastern  Asia.  They  rarely  ascend  the 
smaller  rivers  except  for  the  purpose  of  spawning.  Although 
so  abundant  in  the  Mississippi  Valley  as  to  be  of  importance 
commerically,  they  are  very  inferior  as  food-fishes,  being  coarse 
and  bony.  The  genus  CyclepHis  contains  the  black-horse,  or 
^^issouri  sucker,  a  peculiar  species  with  a  small  head,  elongate 
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body,  and  jet-black  coloration,  which  comes  up  the  smaller 
rivers  tributary  to  the  Mississippi  and  Ohio  in  large  numbers 


Flo.  806  — CommoQ  Sucter,  Caloatomua 


(Le  Sueur).     Ecoree,  Mich. 


in  the  spring.  Most  of  the  other  suckers  belong  to  the  genera 
Catostomus  and  Moxostoma,  the  latter  with  the  large-toothed 
Placopharynx  being  known,  from  the  red  color  of  the  fins,  as 


(Photograph  by 


red-horse,  the  former  as  sucker.  Some  of  the  species  are  very 
widely  distributed,  two  of  them  (Catostomus  commersoni,  Eri- 
mycon  sucetta)  being  found  in  almost  every  stream  east  of  the 
Rocky  Mountains  and  Catostomus  catostomus  throughout  Canada 
to  the  Arctic  Sea.  The  most  peculiar  of  the  suckers  in  appear- 
ance is  the  harelip  sucker  (Quassilabia  lacera)  of  the  Western 
rivers.  Very  singular  in  form  is  the  hump-back  or  razor-back 
sucker  of  the  Colorado,  Xyrauchen  cypho. 

Fossil  Cyprinida.— Fossil  Cyprinida:,  closely  related  to  exist- 
ing forms,  are  found  in  abundance  in  fresh-water  deposits  of  the 
Tertiary,  but  rarely  if  ever  earlier  than  the  Miocene,     Cyprinus 
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priscHt  occttri  to  the  Miocene  of  Geimauy.  peitaaps  showing  that 
Gennaoy  was  the  origmal  home  of  the  so-called  "German  caip." 
SiftenraxdM  actaaDy  imported  to  Germany 
from  Quna.  Some  spectmens  referred  to 
Barbut,  Tinea,  Rhcdeus,  Asptus,  and 
Gobio  are  found  in  regions  now  inhabited 
by  theie  genera,  and  many  species  are 
referred  to  the  great  gemis  Leuciscus,  Le»- 
ciscus  {mingensis  from  the  Miocene  of 
Germany  being  perhaps  the  best  known. 
Several  species  of  Leuciscus  or  related 
genera  are  found  in  the  Rocky  Mountain 
region.  Among  these  is  the  recently  de- 
scribed Leuciscus  turneri. 

Fossil  Catostomida  are  very  few  and 
chiefly  referred  to  the  genus  Amyzon, 
supposed  to  be  allied  to  Erimyzon,  but 
with  a  longer  dorsal.  Amyzi»i  commune 
and  other  species  are  found  in  the  Rocky 
Mountains,  especially  in  the  Miocene  of  the  South  Park  in  Colo- 
rado and  the  Eocene  of  Wyoming.       Two  or    three  species  of 


Calo.slomus,  known  by  their  skulls,  are  found  in    the  Pliocene 
of  Idaho. 

The  Loaches. — The  Cobitidcc,  or  loaches,  are  small  fishes,  all 
less  than  a  foot  in  length,  inhabiting  streams  and  ponds  of 
Europe  and  Asia.  In  structure  they  are  not  very  different  from 
minnows,  but  they  are  rather  eel-like  in  form,  and  the  numerous 
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long  barbels  about  the  mouth  strongly  suggest  affinity  with 
the  catfishes.  The  scales  are  small,  the  pharyngeal  teeth  few, 
and  the  air-bladder,  as  in  most  small  catfishes,  enclosed  in  a 
capsule.  The  loaches  are  all  bottom  fishes  of  dark  colors, 
tenacious  of  life,  feeding  on  insects  and  worms.  The  species 
often  bury  themselves  in  mud  and  sand.  They  lie  quiet  on 
the  bottom  and  move  very  quickly  when  disttirbed  much  after 
the  manner  of  darters  and  gobies.  Species  of  Cobitis  and  Mis- 
gurnus  are  widely  distributed  from  England  to  Japan.  Netna- 
chilus  barbatulus  is  the  commonest  Etiropean  species.  Cobitis 
Uenia  is  fotmd,  almost  imchanged,  from  England  to  the  streams 
of  Japan. 

Remains  of  fossil  loaches,  mostly  indistinguishable  from 
Cobitis,  occtir  in  the  Miocene  and  more  recent  rocks. 

From  ancestors  of  loaches  or  other  degraded  CyprinidcB  we 
may  trace  the  descent  of  the  catfishes. 

The  HomalopteridcB  are  small  loaches  in  the  mountain  streams 
of  the  East  Indies.  They  have  no  air-bladder  and  the  number 
of  pharyngeal  teeth  (10  to  16)  is  greater  than  in  the  loaches^ 
carp,  or  minnows. 
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a  few  cases  the  adipose  fin  develops  an  anterior  spine  and 
occasionally  supporting  rays. 

All  the  Nematognathi  are  carnivorous  bottom  feeders,  de- 
vouring any  prey  they  can  swallow.  Only  a  few  enter  the 
sea,  and  they  occur  in  the  greatest  abundance  in  the  Amazon 
region.  Upward  of  1200  species,  arranged  in  150  genera,  are 
recorded.  They  vary  greatly  in  size,  from  two  inches  to  six  feet 
in  length.  All  are  regarded  as  food-fishes,  but  the  species  in 
the  sea  have  very  tough  and  Savorless  flesh.  Some  of  the 
others  are  extremely  delicate,  with  finely  flavored  flesh  and  a 
grateful  absence  of  small  bones. 

Families  of  Nematognatlii. — According  to  Dr.  Eigenmann's 
scheme  of  classification,*  the  most  primitive  family  of  Nema- 
tognathi is  that  of  Diplomystida:,  characterized  by  the  pres- 
ence of  a  well-developed  maxillary,  as  in  other  soft-rayed  fishes. 
The  single  species,  Diplomystes  papillosus,  is  found  in  the  waters 
of  Chile. 

Similar  to  the  Diplomystida  in  all  other  respects  is  the  great 
central  family  of  Silurtd<£,  by  far  the  most  numerous  and  im- 
portant of  all  the  divisions  of  Nematognathi. 

The  Siiuridse. — This  group  has  the  skin  naked  or  imperfectly 
mailed,  the  barbels  on  the  head  well  developed,  the  dorsal  short, 
inserted  forward,  the  adipose  fin  without  spine,  and  the  lower 
pharyngeals  separate.  All  the  marine  catfishes  and  most  of 
the  fresh-water  species  belong  to  this  group,  and  its  members, 
some  700  species,  abound  in  all  parts  of  the  world  where  cat- 
fishes are  known — "a  bloodthirsty  and  bullying  race  of  rangers 
inhabiting  the  river  bottoms  with  ever  a  lance  at  rest  and  ready 
to  do  battle  with  their  nearest  neighbor." 

The  Sea  Catfish. — In  the  tropical  seas  are  numerous  species  of 
catfishes  belonging  to  Tachysurus,  Arius,  Galeichihys,  Felich- 
thys,  and  other  related  genera.  These  are  sleek,  silvery  fishes 
covered  with  smooth  skin,  the  head  usually  with  a  coat  of  mail, 
pierced  by  a  central  fontanelle.  Some  of  them  reach  a  con- 
sidi-rable  size,  swarming  in  sandy  bays.  None  are  valued  as  food, 
being  always  tough  and  coarsely  flavored.  Sea  birds,  as  the 
■atfishes  are  often  destroyed  by 

Vematognathi,  tSgo,  p   7. 
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the  sudden  erection  of  the  pectoral  spines.  None  of  these  are 
found  in  Europe  or  in  Japan.  Of  the  very  many  American 
species  the  gaS-topsail  catfish  (Felichihys  felts),  noted  for  its 


Fia  810  — Gftff-topsaU  Cat,  Felichihys  jtlU  (L.).      Wooda  Hole. 

very  high  spines,  extends  farthest  north  and  is  one  of  the 
very  largest  species.  This  genus  has  two  barbels  at  the  chin. 
Most  others  have  four.  The  commonest  sea  catfish  of  the 
Carolina  coast  is  Galeichthys  miiberti.     In  Tachysurus  the  teeth 


Fia.  811  —Sea  Catfisb,  Galeirhihya  miiberti  (Cuv.  &  Val.).     Pengaeola. 


on  the  palate  are  rounded,  in  most  of  the  others  they  are  in 
villiform  bands. 

In  most  or  all  of  the  sea  catfish  the  eggs,  as  large  as  small 
peas,  are  taken  into  the  mouth  of  the  male  and  there  cared 
for  until  hatched. 

The  Channel  Cats, — In  all  the  rivers  of  North  America  east 
of  the  Rocky  Mountains  are  found  catfishes  in  great  variety. 
The  channel  cats,  Icialurus,  known  most  readily  by  the  forked 
tails,  are  the  largest  in  size  and  most  valued  as  food.     The  tech- 
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nical  character  of  the  genus  is  the  backward  continiuition  of  the 
supraoccipital,  forming  a  bony  bri(^e  to  the  base  of  the  dorsal. 
The  great  blue  cat,  Ictalurus  furcatus,  abounds  throughout  the 
large  rivers  of  the  Southern  States  and  reaches  a  weight  of  150 
pounds  or  more.  It  is  an  excellent  food  and  its  firm  flesh  is  read- 
ily cut  into  steaks.  In  the  Great  Lakesand  northward  is  a  very 
similar  species,  also  of  large  size,  which  has  been  called  Ictalurus 


lacustris.  Another  similar  species  is  the  willow  cat,  Ictalurus 
anguilla.  The  white  channel-cat,  Ictalurus  punctatus,  reaches  a 
much  smaller  size  and  abounds  on  the  ripples  in  clear  swift 
streams  of  thS  Southwest,  such  as  the  Cumberland,  the  Alabama, 
and  the  Gasconade.  It  is  a  very  delicate  food-fish,  with  tender 
white  flesh  of  excellent  flavor. 

Homed  Pout. — The  genus  Ameiurus  includes  the  smaller  brown 
catfish,  homed  pout,  or  bullhead.  The  body  is  more  plump  and 
the  caudal  fin  is  usually  but  not  always  rounded.  The  many 
species  are  widely  diffused,  abounding  in  brooks,  lakes,  and 
ponds.  Ameiurus  nebulosus  is  the  best-known  species,  ranging 
from  New  England  to  Texas,  known  in  the  East  as  homed  pout. 
It  has  been  successfully  introduced  into  the  Sacramento,  where 
it  abounds,  as  well  as  its  congener,  Ameiurus  catus,  the  white 
bullhead,  brifuglu  with  it  froni  i.iic  i'niomac.  The  latter  species 
has  a  broader  head  and  coneavL'  ^r  notched  tail.  All  the  species 
are  good  food-fishes,  All  are  extremely  tenacious  of  life,  and 
all  are  alike  valued  by  the  TiSfj^^Jtyj^ffV  will  bite  vigorously 
at  any  sort  of  bait.  Alt*sri|^^^^^B||A^th  care,  for  the 
sharp  pectoral  8[Hnes  o^H|^^^^^^^^BBBfei_of  wound 
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tneridionalis,  as  far  south  as  Rio  Usamacinta  on  the  boundary  of 
Guatemala. 

Besides  these,  a  large  channel-cat  of  peculiar  dentition, 
known  as  Istlarius  balsanus,  abounds  in  the  basin  of  Rio  Balsas. 
In  Mexico  all  catiishes  are  known  as  Bagre,  this  species  as 
Bagre  de  Rio. 

The  genus  Leptops  includes  the  great  yellow  catfish,  or 
goujon,  known  at  once  by  the  projecting  lower  jaw.  It  is  a 
mottled  olive  and  yellow  fish  of  repulsive  exterior,  and  it  reaches 
a  very  great  size.     It  is,  however,  a  good  food-fish. 

The  Had-toms.  —  The  genera  Noturus  and  Schilbeodes  are 
composed  of  diminutive  catfishes,  having  the  pectoral  spine 
armed  at  base,  with  a  poison  sac  which  renders  its  sting  ex- 


tremely painful  though  not  dangerous.  The  numerous  species 
of  this  genus,  known  as  "mad-toms"  and  "  stone  cats."  live 
among  weeds  in  brooks  and  sluggish  streams.  Most  of  them 
rarely  exceed  three  inches  in  length,  and  their  varied  colors 
make  them  attractive  in  the  aquarium. 

The  Old  World  Catfishes.— In  the  catfishes  of  the  Old  World 
and  their  relatives,  the  adipose  fin  is  rudimentary  or  wanting. 
The  chief  species  found  in  Europe  is  the  huge  sheatfish,  or  wels, 
Silurus  giants.  This,  next  to  the  sturgeon,  is  the  largest  river  fish 
in  Europe,  weighing  300  to  400  pounds.  It  is  not  found  in  Eng- 
land, France,  or  Italy,  but  abounds  in  the  Danube.  It  is  a  lazy 
fish,  hiding  in  the  mud  and  thus  escaping  from  nets.  It  is  very 
voracious,  and  many  stories  are  told  of  the  contents  of  its 
stomach.  A  small  child  swallowed  whole  is  recorded  from 
Thorn,  and  there  are  still  more  remarkable  stories,  but  not 
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properly  vouched  for.  The  sheatfish  is  brown  in  color,  naked, 
sleek,  and  much  like  an  American  Ameiarus  save  that  its  tail 
is  much  longer  and  more  eel-like.  Another  large  catfish,  known 
to  the  ancients,  but  only  recently  rediscovered  by  Agassiz  and 
Garman,  is  Parasilurus  aristotelis  of  the  rivers  of  Greece.  In 
China  and  Japan  is  the  very  similar  Namazu,  or  Japanese  catfish, 
Parasilurus  asotus,  often  found  in  ponds  and  used  as  food. 
Numerous  smaller  related  catfishes,  Porcus  (Bagrus),  Pseudo~ 
bagrus,  and  related  genera  swarm  in  the  brooks  and  ponds  of  the 
Orient. 

In  the  genus  Torpedo  (Malapterurus)  the  dorsal  fin  is  wanting. 
Torpedo  electricus,  the  electric  catfish  of  the  Nile,  is  a  species 
of  much  interest  to  anatomists.  The  shock  is  like  that  of  a 
Leyden  jar.     The  structures  concerned  are  noticed  on  p.  58. 


The  generic  name  Torpedo  was  applied  to  the  electric  catfish 
before  its  use  for  the  electric  ray. 

In  South  America  a  multitude  of  genera  and  species  cluster 
around  the  genus  Pimelodus.  Some  of  them  have  the  snout 
very  long  and  spatulate.  Most  of  them  possess  a  very  long 
adipose  fin.  The  species  are  generally  small  in  size  and  with 
smooth  skin  like  the  North  American  catfishes.  Still  other 
species  in  great  numbers  are  grouped  aroimd  the  genus  Doras. 
In  this  group  the  snout  projects,  bearing  the  small  mouth  at 
its  end,  and  the  lateral  line  is  armed  behind  with  spinous  shields. 
All  but  one  of  the  genera  belong  to  the  Amazon  district,  Syno- 
dontis  being  found  in  Africa. 

Concerning  Doras,  Dr.  Gunther  observes:  "These  fishes 
have  excited  attention  by  their  habit  of  traveling  during  the 
dry  season  from  a  piece  of  water  about  to  dry  up  in  quest  of  a 
pond  of  greater  capacity.  These  journeys  are  occasionally 
of  such  a  length  that  the  fish  spends  whole  nights  on  the  way, 
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and  the  bands  of  scaly  travelers  are  sometimes  so  large  that 
the  Indians  who  happen  to  meet  them  fill  many  baskets  of  the 
prey  thus  placed  in  their  hands.  The  Indians  suppose  that 
the  fish  carry  a  supply  of  water  with  them,  but  they  have  no 
special  organs  and  can  only  do  so  by  closing  the  gill-openings 
or  by  retaining  a  little  water  between  the  plates  of  their  bodies, 
as  Hancock  supposes.  The  same  naturalist  adds  that  they 
make  regular  nests,  in  which  they  cover  up  their  eggs  with 
care  and  defend  them,  male  and  female  uniting  in  this  parental 
duty  tmtil  the  eggs  are  hatched.  The  nest  is  constructed,  at 
the  beginning  of  the  rainy  season,  of  leaves  and  is  sometimes 
placed  in  a  hole  scooped  out  of  the  beach." 

The  Sisoridas. — ^The  Sisoridcc  are  small  catfishes  found  in 
swift  mountain  streams  of  northern  India.  In  some  of  the 
genera  (Pseudecheneis)  in  swift  streams  a  sucking-disk  formed 
of  longitudinal  plates  of  skin  is  formed  on  the  breast.  This 
enables  these  fishes  to  resist  the  force  of  the  water.  In  one 
genus,  Exostoma,  plates  of  skin  about  the  mouth  serve  the  same 
purpose. 

The  Bunoceplvalidw  are  South  American  catfishes  with  the 
dorsal  fin  tmdeveloped  and  the  top  of  the  head  rough.  In 
Platysiacus  (Aspredo),  the  eggs  are  carried  on  the  belly  of  the 
female,  which  is  provided  with  spongy  tentacles  to  which  the 
eggs  are  attached.  After  the  breeding  season  the  ventral  siu*- 
face  becomes  again  smooth. 

The  Plotosidas.  —  The  Plotosidco  are  naked  catfishes,  largely 
marine,  found  along  the  coasts  of  Asia.  In  these  fishes  the 
second  dorsal  is  very  long.  Plotosus  anguillaris,  the  sea  catfish 
of  Japan,  is  a  small  species  striped  with  yellow  and  armed  with 
sharp  pectoral  spines  which  render  it  a  very  disagreeable  object 
to  the  fishermen.  In  sandy  bays  like  that  of  Nagasaki  it  is 
very  abimdant.  Allied  to  this  is  the  small  Asiatic  family  of 
Chacidcc, 

The  Chlariidas. — ^The  Chlariidw  are  eel-like,  with  a  soft  skele- 
ton and  a  peculiar  accessory  gill.  These  abotmd  in  the  swamps 
and  muddy  streams  of  India,  where  some  species  reach  a  length 
of  six  feet.  One  species,  Chlarias  tnagur,  has  been  brought 
by  the  Chinese  to   Hawaii,  where   it   flourishes  in   the  same 
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waters  as  Ameiurus  nebulosus,  brought  from  the  Potomac  and 
by  Chinese  carried  from  San  Francisco. 

The  Hypophthalmidae  and  Pygidiidn.  —  The  Hypophthalmidee 
have  the  minute  air-bladder  inclosed  in  a  long  bony  capsule. 
The  eyes  are  placed  very  low  and  the  skin  is  smooth.  The 
statement  that  this  family  lacks  the  auditory  apparatus  is  not 
correct.     The  few  species  belong  to  northern  South  America. 

Allied  to  this  group  is  the  family  Pygidiida;  with  a  differ- 
ently formed  bony  capsule  and  no  adipose  fin.  The  numerous 
species  are  all  South  American,  mostly  of  mountain  streams 
of  high  altitude.  Some  are  very  small.  Certain  species  are 
said  to  flee  for  protection  into  the  gill-cavity  of  larger  cat- 


fishes.  Some  are  reported  to  enter  the  urethra  of  bathers, 
causing  severe  injuries.  The  resemblance  of  certain  species 
to  the  loaches,  or  Cobttidte,  is  very  striking.  This  similarity 
is  due  to  the  results  of  similar  environment  and  necessarily 
parallel  habits.  The  Argidtc  have  the  capsule  of  the  air-bladder 
formed  in  a  still  different  fashion.  The  few  species  are  very 
small,  inhabitants  of  the  streams  of  the  high  Andes. 

The  Loricariidae. — In  the  family  of  Loricariidt^'  the  sides  and 
back  are  armed  with  rough  bony  plates.  The  small  air-bladder 
is  still  in  a  bony  capsule,  and  the  mouth  is  small  with  thick 
fringed  lips.  The  numerous  species  are  all  small  fishes  of  the 
South  American  waters,  bearing  a  strong  external  resemblance 
to  Agonid<c,  but  wholly  different  in  anatomy. 

The  CallichthyidEe.  —  The  Callichihyida:  are  also  small  fishes 
armed  with  a  bony  interlocking  coat  of  mail.  They  are  closely 
allied  to  the  Pygidiidtc.  The  body  is  more  robust  than  in  the 
CalUchthyidcv  and  the  coat  of  mail  is  differently  formed.  The 
species  swarm  in  the  rivers  of  northern  South  America,  where 
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with  the  mailed  Loricariidw  they 
fonn  a  conspicuous  part  of  the 
fish  fauna. 

Fossil  Catfishes. — Fossil  catfishes 
are  very  few  in  mjmber.  Siltirida, 
allied  to  Chlarias,  Bagarius,  Hetero- 
branchus,  and  other  fresh-water 
forms  of  India,  are  foiind  in  the  late 
Tertiary  rocks  of  Sumatra,  and 
catfish  spines  exist  in  the  Tertiary 
rocks  of  the  United  States.  Verte- 
brae in  the  Canadian  Oligocene  have 
been  referred  by  Cope  to  species  of  , 
Ameiurus  {A.  cancellatus  and  A. 
maconnelli).  Rhineastes  peUaius 
and  six  other  species,  perhaps  allied 
to  Pimelodus,  have  been  described 
by  Cope  from  Eocene  of  Wyoming 
and  Colorado.  Bucklandium  diluvii 
is  found  in  the  Eocene  London 
clays,  and  several  species  apparently 
marine,  referred  to  the  neighbor- 
hood of  Tachysurus  or  Arius,  are 
found  in  Eocene  rocks  of  England. 

There  is  no  evidence  that  the 
group  of  catfishes  has  any  great 
antiquity,  or  that  its  members  were 
ever  so  numerous  and  varied  as  at 
the  present  time.  The  group  is 
evidently  derived  from  scaly  ar.ces- 
tors,  and  its  peculiarities  are  due 
to  speci:iUzation  of  certain  parts 
and  degeneration  of  others. 

There  is  not  the  slightest  reason 
for  regarding  the  catfishes  as  direct 
descendants  of  the  sturgeon  or 
other  Ganoid  type.  They  should 
rather  be  looked  upon  as  a  degener- 

ate    and    highly    modified    offshoot  f,o.  ai7.-L*na,r,<,  <.ure<.  Sleindach- 
from  the  primitive  Characins.  ner.amailBdCatfiah  fromRioMeta, 
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Order  Oymnonoti. — ^At  the  end  of  the  series  of  Ostariophysans 
we  may  place  the  Gymnonoti  (yvpivo?,  bare;  vcSros,  back).  This 
group  contains  about  thirty  species  of  fishes  from  the  rivers 
of  South  America  and  Central  America.  All  are  eel-like  in 
form,  though  the  skeleton  with  the  shoulder-girdle  suspended 
from  the  cranium  is  quite  unlike  that  of  a  true  eel.  There  is 
no  dorsal  fin.  The  vent  is  at  the  throat  and  the  anal  is  ex- 
cessively long.  The  gill-opening  is  small  as  in  the  eel,  and  as 
in  most  elongate  fishes,  the  ventral  fins  are  undeveloped.  The 
body  is  naked  or  covered  with  small  scales. 

Two  families  are  recognized,  differing  widely  in  appearance. 
The  ElectrophoridcB  constitutes  by  itself  Cope's  order  of  Glanen^ 
cheli  {yXavts,  catfish;  eyxeXvs,  eel).  This  group  he  regards 
as  intermediate  between  the  eel-like  catfishes  (Chlarias)  and 
the  true  eels.  It  is  naked  and  eel-shaped,  with  a  short 
head  and  projecting  lower  jaw  like  that  of  the  true  eel.  The 
single  species,  Electrophorus  electricus,  inhabits  the  rivers  of 
Brazil,  reaching  a  length  of  six  feet,  and  is  the  most  powerful  of 
all  electric  fishes.  Its  electric  organs  on  the  tail  are  derived 
from  modified  muscular  tissue. 

The  GymnotidcB  are  much  smaller  in  size,  with  compressed 
scaly  bodies  and  the  mouth  at  the  end  of  a  long  snout.  The 
numerous  species  are  all  fishes  without  electric  organs.  Eigen- 
mannia  humboldtt  of  the  Panama  region  is  a  characteristic 
species.    No  fossil  Gymnonoti  are  recorded. 


CHAPTER  XXV 

THE   SCYPHOPHORI,   HAPLOMI,  AND   XENOMI 

RDER  Scyphophori.  —  The  Scyphophori  (a-Kv^pos,  cup; 
(popeca,  to  bear)  constitutes  a  small  order  which  lies 
apparently  between  the  Gymnonoti  and  the  Isospondyli, 
Boulenger  unites  it  with  the  Isospondyli,  The  species,  about 
seventy-five  in  number,  inhabit  the  rivers  of  Africa,  where 
they  are  important  as  food-fishes.  In  all  there  is  a  deep 
cavity  on  each  side  of  the  cranium  covered  by  a  thin  bony 
plate,  the  supertemporal  bone.  There  is  no  symplectic  bone, 
and  the  subopercle  is  very  small  or  concealed.  The  gill-openings 
are  narrow  and  there  are  no  pharyngeal  teeth.  The  air-bladder 
connects  with  the  ear,  but  not  apparently  in  the  same  way  as 
with  the  Ostariophysan  fishes,  to  which,  however,  the  Scypho- 
phori are  most  nearly  related.  In  all  the  Scyphophori  the  body 
is  oblong,  covered  with  cycloid  scales,  the  head  is  naked,  there 
are  no  barbels,  and  the  small  mouth  is  at  the  end  of  a  long 
snout.  All  the  species  possess  a  peculiar  organ  on  the  tail, 
which  with  reference  to  a  similar  structure  in  Torpedo  and 
Electrophorus  is  held  to  be  a  degenerate  electric  organ.  Accord- 
ing to  Giinther,  **it  is  without  electric  fimctions,  but  evidently 
representing  a  transitional  condition  from  muscular  substance 
to  an  electric  organ.  It  is  an  oblong  capsule  divided  into 
numerous  compartments  by  vertical  transverse  septa  and  con- 
taining a  gelatinotis  substance.'* 

The  Mormyridae.  —  There  are  two  families    of  Scyphophori. 
The  MormyridcB  have  the  ordinary  fins  and  tail  of  fishes  and  the 
GymnarchidcB  are  eel-like,  with  ventrals,  anal  and  caudal  wantiztf^ 
Gymnarchus  miloticus  of  the  Nile  reaches  a  length  of  » 
and  it  is  remarkable  as  retaining  the  cellular  structure 
air-bladder  as  seen  in  the  garpike  and  bowfin.     It  d 
serves  as  an  imperfect  limg. 
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The  best-known  gmus  of  Scyphophori  is  Mormynts. 
d  this  genus  found  in  the  Nile  were  n'oishiped  as  sacred  by 
the  ancient  £g\'ptians  and  pictures  of  Mormyrus  are  offcea 
seen  among  the  emblematic  inscriptions.  The  Egyptians  <lid  not 
eat  the  \[i?rmyTus  because  with  twi3  other  fishes  it  vas  accoaed 
4^  having  de\-tnired  a  limb  from  the  body  of  Osiris,  so  that  lam 
■was  unable  to  recover  it  when  she  gathered  the  scattered  le- 
mains  of  her  husband. 

In  yicmtyms  the  bones  of  the  head  are  covered  by  sldn, 
tbe  snout  is  more  or  less  elongated,  and  the  tail  is  genesnltf 
short  and  insignilicant.  One  of  the  most  charactenAically 
eccentric  species  is  Onaihotumtts  curvirosiris,  lately  diacovcsBd 
by  Dr.  Boulettger  from  the  Congo.  Fossil  yiormyridm  sre  im- 
koown. 

Ike  HaptanL  —  In  the  groups  called  Iniomi  and  Lyoftumi, 
the  mesccoracoid  arch  is  imperfect   or   wanting,  a  i 


Fizi::v  il.^^yida. 


-.  rroduced  by 
m  ihegroop 

.If  in  an  the 
".y  wonting  at 
.\'P--nif  Wi  and 


-.encral  fins 
— ctip  is  a 

!a:ter  and 


The  Scyphophori,  Haplomi,  and  Xenomi       409 

as  a  distinct  order,  although  no  character  of  high  importance 
separates  it  from  either.  Hay  unites  the  Haplomi  with  the 
Synentognathi  to  form  the  order  of  Mestchthyes,  or  transitional 
fishes,  but  the  affinities  of  either  with  other  groups  are  quite 
as  well  marked  as  their  relation  to  each  other.  Boulenger  unites 
the  Iniomi  with  the  Haplomi,  an  arrangement  which  apparently 
has  merit,  for  the  most  primitive  and  non-degenerate  Iniomi,  as 
AulopHs  and  Synodus,  lack  both  mesocoracoid  and  orbitosphe- 
noid.  These  bones  are  characteristic  of  the  Isospondyli,  but  are 
wanting  in  Haplomi. 

There  is  no  adipose  dorsal  in  the  typical  Haplomi,  the  dorsal 
is  inserted  far  back,  and  the  head  is  generally  scaly.  Most  but 
not  all  of  the  species  are  of  small  size,  living  in  fresh  or  brackish 
water,  and  they  are  found  in  almost  all  warm  regions,  though 
scantily  represented  in  California,  Japan,  and  Polynesia.  The 
four  families  of  typical  Haplomi  differ  considerably  from  one 
another  and  are  easily  distinguished,  although  obviously  re- 
lated. Several  other  families  are  provisionally  added  to  this 
group  on  account  of  agreement  in  technical  characters,  but 
their  actual  relationships  are  uncertain. 

The  Pikes, — The  EsocidcB  have  the  body  long  and  slender 
and  the  mouth  large,  its  bones  armed  with  very  strong,  sharp 
teeth  of  dififerent  sizes,  some  of  them  being  movable.  The 
upper  jaw  is  not  projectile,  and  its  margin,  as  in  the  Salmonidte, 
is  formed  by  the  maxillary.  The  scales  are  small,  and  the 
dorsal  fin  far  back  and  opposite  the  anal,  and  the  stomach 
is  without  pyloric  ca;ca.  There  is  but  a  single  genus,  Esox 
{Lucius  of  Rafinesque),  with  about  five  or  six  living  species. 
Four  of  these  are  North  American,  the  other  one  being  found 
in  Europe,  Asia,  and  North  America. 

All  the  pikes  are  greedy  and  voracious  fishes,  very  destruc- 
tive to  other  species  which  may  happen  to  be  their  neighbors; 
"mere  machines  for  the  assimilation  of  other  oi^anisms." 
Thoreau  describes  the  pike  as  "the  swiftest,  wariest,  and  most 
ravenous  of  fishes,  which  Josselyn  calls  the  river-wolf.  It  is 
a  solemn,  stately,  ruminant  fish,  lurking  under  the  shadow  1 
a  lily-pad  at  noon,  with  still,  circumspect,  voracious  eye ; 
less  as  a  jewel  set  in  water,  or  moving  slowly  along  to  \ 
its  position;    darting  from  time  to  time  at  such  unludqr^ 
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or  frog  or  insect  as  comes  within  its  range,  and  swullowir^  it 
at  one  gtJp-  Sometimes  a  striped  snake,  bound  for  greener 
meadows  across  the  stream,  ends  its  undulatorj-  progress  in 
the  same  receptacle." 

As  food-fishes,  all  the  EsociJtr  rank  high.  Their  flesh  is 
white,  finegrained,  disposed  in  flakes,  and  of  excellent  fla\-or. 

The  finest  of  the  Esc>ciJ<r.  a  species  to  be  compared,  as  a 
grand  game  fish,  with  the  salmon,  is  the  muskallunge  (Esox 
masquinoiigy).  Technically  this  species  may  be  known  by 
the  fact  that  its  cheeks  and  opercles  are  both  naked  on  the 
lower  half.     It  may  be  known  also  by  its  great  size  and  by  its 


Fig.  330  — Muskallun^.  Ei^z  matquinongy  Mitrhill.     Ecoise.  Mich. 


color,  young  and  old  being  spotted  with  black  on  a  golden- 
olive  ground. 

The  muskallunge  is  found  only  in  the  Great  Lake  region, 
where  it  inhabits  the  deeper  waters,  except  for  a  short  time 
in  the  spring,  when  it  enters  the  streams  to  spawn.  It  often 
reaches  a  length  of  six  feet  and  a  weight  of  sixty  to  eighty 
pounds.  It  is  necessarily  somewhat  rare,  for  no  small  locality 
would  furnish  food  for  more  than  one  such  giant.  It  is,  saj-s 
Hallock,  "a  long,  slim,  strong,  and  swift  fish,  in  everj'  way 
formed  for  the  life  it  leads,  that  of  a  dauntless  marauder." 

A  second  species  of  muskallunge,  Esox  ohiensis,  unspotted 
but  vaguely  cross-barred,  occurs  sparingly  in  the  Ohio  River 
and  the  upper  Mississippi  \"alley.  It  is  especially  abundant 
in  Chautauqua  Lake. 

The  pike  (Esox  Iticius)  is  smaller  than  the  muskallunge.  and 
is  technically  best  distinguished  by  the  fact  that  the  opercles 
are  naked  below,  while  the  checks  are  entirely  scaly.  The 
spots  and  cross-bars  in  the  pike  are  whitish  or  yellowish,  and 
always  paler  than  the  olive-gray  ground  color.     It  is  the  most 
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widely  distributed  of  all  fresh-water  fishes,  being  foimd  from 
the  upper  Mississippi  Valley,  the  Great  Lakes,  and  New  England 
to  Alaska  and  throughout  northern  Asia  and  Europe.  It 
reaches  a  weight  of  ten  to  twenty  pounds  or  more,  being  a 
large  strong  fish  in  its  way,  inferior  only  to  the  muslfalhmge. 
In  England  Esox  ludus  is  known  as  the  pike,  while  its  young, 
are  called  by  the  diminutive  term  pickerel.  In  America  the  name 
pickerel  is  usually  given  to  the  smaller  species,  and  sometimes 
even  to  Esox  btcius  itself,  the  wcrd  being  with  us  a  synonym 
for  pike,  not  a  diminutive. 

Of  the  small  pike  or  pickerel  we  have  tiu^e  species  in  the 
eastern  United  States.  They  are  greenish  in  color  and  banded 
or  reticulated,  rather  than  spotted,  and,  in  all,  the  opercles 
as  well  as  the  cheeks  are  fully  covered  with  scales.  One  of 
these  {Esox  reticulatt4s)  is  the  common  pickerel  of  the  Eastern 
States,  which  reaches  a  respectable  size  and  is  excellent  as 
food.  The  others,  Esox  americanus  along  the  Atlantic  seaboard 
and  Esox  vermiculatus  in  the  middle  West,  seldom  exceed  a  foot 
in  length  and  are  of  no  econcnnic  importance. 

Numerous  fossil  species  are  found  in  the  Tertiary  of  Etm)pe, 
Esox  lepidotus  from  the  Miocene  of  Baden  being  one  of  the 


'Fio.  SSI. — Hud-minnow,  Umhra  pygmaa  (De  Kay).     New  Jersey. 


earliest  and  the  best  known;  in  this  species  the  scales  are  much 
larger  than  in  the  recent  species.  The  fossil  remains  would  seem 
to  indicate  that  the  or^in  of  the  family  was  in  southern  Europe, 
although  most  of  the  living  species  are  American. 

The  Mud-mimiows. — Close  to  the  pike  is  the  family  of  Um- 
brtdee,  or  mud-minnows,  which  technically  differ  from  the  pikes 
only  in  the  short  snout,  small  mouth,  and  weak  dentition.     The 


The  Scyphophori,  Haplomi,  and  Xcnomi        413 

mud-minnows  are  small,  sluggish,  carnivorous  fishes  living  in 
the  mud  at  the  bottom  of  cold,  clear  streams  and  ponds.  They 
are  extremely  tenacious  of  life,  though  soon  suffocated  in  warm 
waters.  The  barred  mud-minnow  of  the  prairies  of  the  middle 
West  {Umbra  limi)  often  remains  in  dried  sloughs  and  bog- 
holes,  and  has  been  sometimes  plowed  up  alive.  Umbra  pygmcea^ 
a  striped  species,  is  foimd  in  the  Eastern  States  and  Umbra 
crameri  in  bogs  and  brooks  along  the  Danube.  This  wide  break 
in  distribution  seems  to  indicate  a  former  wide  extension  of 
the  range  of  UmbridcB,  perhaps  coextensive  with  Esox,  Fossil 
UmbridcB  are,  however,  not  yet  recognized. 

The  Killifishes. — Most  of  the  recent  Haplomi  belong  to  the 
family  of  PceciliidcB  (killifishes,  or  Cyprinodonts).  In  this 
group  the  small  mouth  is  extremely  protractile,  its  margin 
formed  by  the  premaxillaries  alone  much  as  in  the  spiny- 
rayed  fishes.  The  teeth  are  small  and  of  various  forms  accord- 
ing to  the  food.  In  most  of  the  herbivorous  forms  they  are 
incisor-like,  serrate,  and  loosely  inserted  in  the  lips.  In  the 
species  that  eat  insects  or  worms  they  are  more  firmly  fixed. 
The  head  is  scaly,  the  stomach  without  caeca,  and  the  intes- 
tines are  long  in  the  plant-eating  species  and  short  in  the 
others.  There  are  nearly  200  species,  very  abimdant  from 
New  England  and  California  southward  to  Argentina,  and 
in  Asia  and  Africa  also.  In  regions  where  rice  is  produced, 
they  swarm  in  the  rice  swamps  and  ditches.  Some  of  them 
enter  the  sea,  but  none  of  them  go  far  from  shore.  Some 
are  brilliantly  colored,  and  in  many  species  the  males  are  quite 
tmlike  the  females,  being  smaller  and  more  showy.  The  largest 
species  {Fundulus,  Anableps)  rarely  reach  the  length  of  a  foot, 
while  Meter andria  formosa,  a  diminutive  inhabitant  of  the 
Florida  rivers,  scarcely  reaches  an  inch.  Some  species  are 
oviparous,  but  in  most  of  the  herbivorous  forms,  and  some  of 
the  others,  the  eggs  are  hatched  within  the  body,  and  the  anal 
in  the  male  is  modified  into  a  long  sword-shaped  intromittent 
organ,  placed  farther  forward  than  the  anal  in  the  female. 
The  young  when  bom  closely  resemble  the  parent.  Most  of 
the  insectivorous  species  swim  at  the  surface,  moving  slowly 
with  the  eyes  partly  out  of  water.  This  habit  in  the  genus 
Anableps  (four-eyed  fish,  or  Cuatro  ojos)  is  associated  with  an 
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extraordinary  structure  of  the  eye.  This  organ  is  prominent 
and  is  divided  by  a  horizontal  partition  into  two  parts,  the 
upper,  less  convex,  adopted  for  sight  in  the  air,  the  lower  in  the 
water.  The  few  species  of  Anableps  are  found  in  tropical 
America.  The  species  of  some  genera  swim  near  the  bottom, 
but  always  in  very  shallow  waters.  AU  are  very  tenacious  of  life, 
and  none  have  any  commercial  value  although  the  flesh  is  good. 


Fig.  82S  —Four-eyed  Fwh,  Anahltp9  davH  OSSL    Tehuantepec,  Mezioo. 

The  unique  structure  of  the  eye  of  this  curious  fish  has  been 
carefully  studied  by  Mr.  M.  C.  Marsh,  pathologist  of  the  U.  S. 
Fish  Commission,  who  furnishes  the  following  notes  published 
by  Evermann  &  Goldsborough : 

"  The  eye  is  crossed  by  a  bar,  like  the  diameter  of  a  circle, 
and  parallel  with  the  length  of  the  body.  This  bar  is  darker 
than  the  other  external  portions  of  the  eyeball  and  has  its  edges 
darker  still.  Dividing  the  external  aspect  of  the  eye  equally, 
it  has  its  lower  edge  on  the  same  level  as  the  back  of  the  fi^, 
which  is  flat  and  straight  from  snout  to  dorsal,  or  nearly  the 
whole  length  of  the  fish ;  so  that  when  the  body  of  the  fish  is  jtist 
submerged  the  level  of  the  water  reaches  to  this  bar,  and  the 
lower  half  of  the  eye  is  in  water,  the  upper  half  in  the  air.  Upon 
dissecting  the  eyeball  from  the  orbit,  it  appears  nearly  roimd. 
A  membranous  sheath  covers  the  external  part  and  invests  most 
of  the  ball.  It  may  he  peeled  off,  when  the  dark  bar  on  the 
external  portion  of  the  eye  is  seen  to  be  upon  this  membrane, 
which  may  correspond  to  the  conjunctiva.  The  back  portion 
of  the  eyeball  being  cut  off,  one  lens  is  found.  The  lining  of  the 
ball  consists,  in  front,  of  one  black  layer,  evidently  choroid. 
Behind  there  is  a  retinal  layer.  The  choroid  layer  tiuns  up 
anteriorly,  making  a  free  edge  comparable  to  an  iris.  The 
free  edge  is  chiefly  evident  in  the  lower  part  of  the  eye.  A  large 
pupil  is  left,  but  is  divided  by  two  flaps,  continuations  of  the 
choroid   coat,    projecting   from   either   side   and   overlapping. 
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There  are  properly  then  two  pupils,  an  upper  and  lower,  sepa- 
rated by  a  band  consisting  of  the  two  flaps,  which  may  probably, 
by  ino\Tng  upward  and  downward,  increase  or  diminish  the 
size  of  either  pupil;  an  upward  motion  of  the  Saps  increasing 
the  lower  pupil  at  the  expense  of  the  other,  and  \'ice  versa." 

This  division  of  the  pupil  into  two  parts  permits  the  fish, 
when  swimmir^  at  the  surface  of  the  water,  as  is  its  usual  cus- 
tom, to  see  in  the  air  with  the  upper  portion  and  in  the  water 
with  the  lower.  It  is  thus  able  to  see  not  only  such  insects  as 
are  upon  the  surface  of  the  water  or  fl\4ng  in  the  air  above, 
but  also  any  that  may  be  swimming  beneath  the  surface. 

According  to  ilr.  E.  W.  N'elson.  "  the  indiWduals  of  this  species 
swim  always  at  the  surface  and  in  little  sch'XfIs  arrar^erf  ia 
platoons  or  abreast.  Thei,-  alwa>-s  swim  headed  upstream 
against  the  current,  and  feed  upon  Sorting  matter  which  th« 
current  brings  them.     A  platoon  may  be  seen  in  regular  for- 
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they  may  be  observed  feeding  for  long  periods.  They  are 
almost  invariably  found  in  running  water  well  out  in  the  stream, 
or  at  least  where  the  current  is  strongest  and  where  floating 
matter  is  most  abundant,  for  it  is  upon  floating  matter  that 
they  seem  chiefly  to  depend.  They  are  not  known  to  jump  out 
of  the  water  to  catch  insects  flying  in  the  air  or  resting  upon 
vegetation  above  the  water  surface,  nor  do  they  seem  to  feed 
to  any  extent  upon  all  small  crustaceans  or  other  portions  o£ 
the  plankton  beneath  the  surface. 

"  When  alarmed — and  they  are  wary  and  very  easily  fright- 
ened— they  escape  by  skipping  or  jumping  over  the  water. 


Everglades 


2  or  3  feet  at  a  skip.  They  rise  entirely  out  of  the  water,  and  at 
a  considerable  angle,  the  head  pointing  upward.  In  descending 
the  tail  strikes  the  water  first  and  apparently  by  a  sculling 
motion  new  impetus  is  acquired  for  another  leap.  This  skipping 
may  continue  until  the  school  is  widely  scattered.  When  a 
school  has  become  scattered,  and  after  the  cause  of  their  fright 
has  disappeared,  the  individuals  soon  rejoin  each  other.  First 
two  will  join  each  other  and  one  by  one  the  others  will  join  them 
until  the  whole  school  is  together  again.  Rarely  do  they  at- 
tempt to  dive  or  get  beneath  the  surface;  when  they  do  they 
have  great  difficulty  in  keeping  under  and  soon  come  to  the 
surface  again." 
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Of  the  many  gecera  of  Pctciliids.  top-mmnom,  and  Idlli- 
fishes  ve    may  mention    the  foUowing:    Cyprinadon  is  made 


— Uajfi^  FuiatJM  wajcii 


Wood!  BticL 


Up  of  cb"jbby  little  fishes  of  easiem  .\merica  with  tricu5[nd. 
incisor    teeth,    o^-iparou3   and   omnivonnis.      Very   similar   to 


Fk.  XM  — MsrSeh.  Fund^u*  majaliM    female'       Woodi   Hole. 

these  b-Jt  smaiJer  are  the  species  of  Lebins  in  southern  Europe. 
Jcrd-jnella  ^yrid^  of  the  Fiorida  everglades  is  similar,  but  with 


Fm   3?r.  — Top-miniww,  Z'j^vrmiAa  tvMatut   'Rafineequp;.     Eureka  Spricp.  .\jt 

the  dorsal  fin  long  and  its  first  ray  enlarged  and  spine-jike. 
It  strongly  resembles  a  young  sunfish.     Most  of  the  larger  forms 
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belong  to  Fundulus,  a  genus  widely  distributed  from  Maine 
to  Guatemala  and  north  to  Kansas  and  southern  California. 
Fundulus  majalis,  the  Mayfish  of  the  Atlantic  Coast,  is  the 
■  largest  of  the  genus.  Fundulus  heterocHtus,  the  killifish,  the 
most  abundant,     Fundulus  diaphanus  inhabits  sea  and  lake 


indiscriminately.  Fundulus  stellifer  of  the  Alabama  is  beauti- 
fully colored,  as  is  Fundulus  zebrinus  of  the  Rio  Grande.  The 
genus  Zygonedes  includes  dwarf  species  similar  to  Fundulus, 
and  s-ldinia  includes  those  with  short,  deep  body.  Goodea 
atripinnis  with  tricuspid  teeth  lives  in  warm  springs  in  Mexico, 


and  several  species  of  Goodea,  Ganibiista,  Pcccilia,  and  other 
genera  inhabit  hot  springs  of  Mexico,  Central  America,  and 
Africa.  The  genus  Gambiisia,  the  top-minnows,  includes  nu- 
merous species  with  dwarf  males  having  the  anal  modified. 
Gambiisia    afjinis  abounds  in  all  kinds  of    sluggish   water  in 
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the  southern  lowlands,  gutters  and  even  sewers  included.  It 
brings  forth  its  brood  in  early  spring.  Viviparous  and  her- 
bivorous with  modified  anal  are  the  species  of  Poecilia,  abundant 
throughout  Mexico  and  southward  to  Brazil;  Mollienesia  very 
similar,  with  a  banner-like  dorsal  fin,  showily  marked,  occurs 
from  Louisiana  southward,  and  Xiphophorus,  with  a  sword- 
shaped  lobe  on  the  caudal,  abounds  in  Mexico ;  Characodon  and 
Goodea  in  Mexico  have  notched  teeth,  and  finally,  Heterandria 
contains  some  of  the  least  of  fishes,  the  handsomely  colored 
males  barely  half  an  inch  long. 

In  Lake  Titicaca  in  the  high  Andes  is  a  peculiar  genus  {Ores- 
Has)  without  ventral  fins.  Still  more  pectiliar  is  Empetrichthys 
merriami  of  the  desert  springs  of  the  hot  and  rainless  Death 
Valley  in  California,  similar  to  Orestias,  but  with  enormously 
enlarged  pharyngeals  and  pharyngeal  teeth,  an  adaptation  to  some 
imknown  purpose.  Fossil  Cyprinodonts  are  not  rare  from  the 
Miocene  in  southern  Europe.  The  nimierous  species  are  allied 
to  Lebias  and  Cyprinodon,  and  are  referred  to  Prolebias  and 
Pachylebias,  None  are  American,  although  two  American  extinct 
genera,  Gephyrura  and  Proballostomus,  are  probably  allied  to  this 
group. 

Amblyopsidae. — ^The  cave-fishes,  Amblyopsidce,  are  the  most 
remarkable  of  the  haplomous  fishes.     In  this  family  the  vent  is 


Fio.  880. — Dismal  Swamp  Fish,  Chologaster  comiUus  Agassiz.     Supposed  ancestor 

of  Typhlichthys.     Virginia. 

placed  at  the  throat.  The  form  is  that  of  the  Poeciliidco,  but 
the  mouth  is  larger  and  not  protractile.  The  species  are  vivip- 
arous, the  yoimg  being  bom  at  about  the  length  of  a  quarter  of 
an  inch. 

In  the  primitive  genus  Chologaster,  the  fish  of  the  Dismal 
Swamp,  the  eyes  are  small  but  normally  developed.  Cholo- 
gaster cornutus  aboxmds  in  the  black  waters  of  the  Dismal  Swamp 
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of  Vii^inia,  thence  southward  through  swamps  and  rice-fields 
to  Okefinokee  Swamp  in  northern  Florida.  It  is  a  small  fish, 
less  than  two  inches  long,  striped  with  black,  and  with  the  habit 
of  a  top-minnow.  Other  species  of  Chologaster,  possessing 
eyes  and  color,  but  provided  also  with  tactile  papillse,  are  foimd 
in  cave  springs  in  Tennessee  and  southern  Illinois. 

From  Chologaster  is  directly  descended  the  small  blindfish 
Typhlichthys  stibterraneits  of  the  caves  of  the  Subcarboniferoxis 
limestone  rocks  of  southern  Indiana  and  southward  to  northern 
Alabama.  As  in  Chologaster,  the  ventral  fins  are  wanting. 
The  eyes,  present  in  the  young,  become  defective  and  useless 
in  the  adult,  when  they  are  almost  hidden  by  other  tissues. 
The  different  parts  of  the  eye  are  all  more  or  less  incomplete, 
being  without  function.  The  structure  of  the  eye  has  been' 
described  in  much  detail  in  several  papers  by  Dr.  Carl  H.  Eigen- 


/^ 


mann.  As  to  the  cause  of  the  loss  of  eyesight  two  chief 
theories  exist — the  L:ini:irckian  theory  of  the  inheritance  in  the 
species  of  the  results  of  disuse  in  the  indiviilual  and  the 
Weissmannian  doctrine  that  the  Kiss  of  -^x^ht  is  a  rosult  of 
panmixia  or  cessation  of  selwtion.  This  may  l>e  extended 
to  cover  reversal  of  selection,  as  in  the  depths  of  the  ^jrcat 
caves  the  fish  witliout  eyes  would  be  at  some  slight  ;i(lvanlane. 
Dr.  Eigenmann  inclines  to  the  l^imarckian  doctrine,  but  the 
evidence  brought  forward  fails  to  convince  tlie  present  writer 
that  results  of  individual  use  or  disusi'  ever  become  heretl- 
itary  or  that  they  are  ever  incori>orati.'d  in  the  characters 
of  a  species.  In  the  caves  of  southern  Missouri  is  an  inde- 
pendent case  of  similar  degradation.  TrofiHchthys  rosic,  tlie 
blindfish  of  this  region,  lias  the  eye  in  a  ditTerent  phase  of 
degeneration.     It  is  thought  to  be  separately  desccndetl  from 
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some  other  species  of  Ch-.^iogitsUr.  Of  this  sptvies  Mr.  Garman 
and  Mr.  Ei^nmann  h;»\"e  gi\tn  doUiiled  luxvunts  from  some- 
what different  points  of  \ne\v. 

Concerning  the  habits  of  the  blindtish  {Tnyglickthys  rostt), 
Mr,  Garman  quotes  the  foUownnj:  fn.>ni  notes  of  Miss  Ruth 
Hoppin,  of  Jasper  County,  Miss».-'uri:  "For  aK^ut  two  ihi^eks 
I  ha\-e  been  w-atching  a  tish  t^tken  fn>m  a  well,  I  ga\"e  him 
considerable  water,  chanpxl  oi\cx>  a  ».iay.  and  kept  him  in  an 
uninhabitated  pUce  subject  to  as  fow  oh:inges  of  temperature 
as  possible.  He  seems  ixTfoctly  healthy  and  as  lively  as  when 
first  taken  from  the  well.  If  not  ca[\»ble  of  long  fnsts.  he  must 
li\"e  on  small  organisms  my  eye  cannot  discern.  He  is  hardly 
e\-er  still,  but  mo\-es  alx^ut  the  sides  of  the  \"essel  constantly, 
down  and  up.  as  if  needing  the  air.     He  never  s\^*ims  through 


^ 


\!Si^ 


the  body  of  the  water  away  from  the  sides  unless  disturbed. 
Passing  the  finger  over  the  sides  of  the  vessel  under  water  I 
find  it  sHppcr>-.  I  am  can>ful  not  to  disturb  this  slimy  coating 
when  the  water  is  chiingcil.  .  .  .  Nunienms  tests  con\-ince 
me  that  it  is  through  the  sense  of  touch,  and  not  though  hear- 
ing, that  the  fish  is  disturbi-d;  1  u\iiy  s*.Teani  or  strike  metal 
bodies  together  over  him  as  near  as  jx^ssible.  yet  he  seems  to 
take  no  notice  whatever.  If  I  strike  the  vessel  sti  that  the 
water  is  set  in  motion,  he  darts  away  faim  that  side  through 
the  mass  of  water,  instead  of  around  in  his  usual  way.  If  I 
stir  the  TiTOter  or  touch  the  fish,  no  matter  how  lightly,  his 
actions  are  the  same," 

The  more  famous  blindfish  of  the  Mammoth  Cave,  .■l»iW_i'- 
opsis  sp€l<ctts,  reaches  a  length  of  five  inches.  It  ixisscsses 
ventral  fins.     From  this  fact  we  may  infer  its  descent  from 


422       The  Scyphophori,  Haplomi,  and  Xenomi 

some  extinct  genus  which,  unlike  Chologaster,  retains  these 
fins.  The  translucent  body,  as  in  the  other  blindfishes,  is 
covered  with  very  delicate  tactile  papillae,  which  form  a  very 
delicate  organ  of  touch. 

The  anomalous  position  of  the  vent  in  Amblyopstdce  occurs 
again  in  an  equally  singular  fish,  Aphredoderus  say  anus,  which 
is  foimd  in  the  same  waters  throughout  the  same  region  in 
which  Chologaster  occurs.  It  would  seem  as  if  these  lowland 
fishes  of  the  southern  swamps  were  remains  of  a  once  much 
more  extensive  fauna. 

No  fossil  allies  of  Chologaster  are  known. 

Kneriidae,  etc. — The  members  of  the  order  of  Haplomi,  recorded 
above,  differ  widely  among  themselves  in  various  details  of 
osteology.  There  are  other  families,  probably  belonging  here, 
which  are  still  more  aberrant.  Among  these  are  the  Kneriidce^ 
and  .perhaps  the  entire  series  of  forms  called  Inionii,  most  of 
which  possess  the  osteological  traits  of  the  Haplomi. 

The  family  of  Kneriidcs  includes  a  few  very  small  fishes  of 
the  rivers  of  Africa. 

The  Galaziidae. — The  Galaxiidcs  are  trout-like  fishes  of  the 
southern  rivers,  where  they  take  the  place  of  the  trout  of  the 
northern  zones.  The  species  lack  the  adipose  fins  and  have 
the  dorsal  inserted  well  backw^ard.  According  to  Boulenger 
these  fishes,  having  no  mesocoraoid,  should  be  placed  among 
the  Haplomi,  Yet  their  relation  to  the  Haplochitonidcc  is  very 
close  and  both  families  may  really  belon^^  to  the  Isospondyli, 
Galaxias  triittacciis  is  the  kokoj)!!,  or  "trout,"  of  New  Zealand. 
Galaxias  occllatiis  is  the  yarra  trout  c)f  Australia.  Several  other 
species  are  found  in  southern  Australia,  Tasmania,  Patagonia, 
and  the  Falkland  Islands,  and  even  in  South  Africa.  This  very 
wide  distribution  in  the  riv^crs  remote  from  each  other  has  given 
rise  to  the  suggestion  of  a  former  land  connection  between 
Australia  and  Patagonia.  Other  similar  facts  have  led  some 
geologists  to  believe  in  the  existence  of  a  former  great  con- 
tinent called  Antarctica,  now  submerged  except  that  part  which 
constitutes  the  present  unknown  land  of  the  Antarctic. 

Order  Xenomi.  —  We  must  place  near  the  Haplomi  the 
singular  group  of  Xenomi  (SevoSy  strange;  o3//o^,  shoulder), 
regarded  by  Dr.  Gill  as  a  distinct  order.     Externally  these  fish 
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much  resemble  the  mud-minnows,  differing  mainly  in  the  very 
broad  pectorals.  But  the  skeleton  is  thin  and  papery,  the  two 
coracoids  forming  a  single  cartilaginous  plate  imperfectly  divided. 
The  pectorals  are  attached  directly  to  this  without  the  inter- 
vention of  actinosts,  but  in  the  distal  third,  according  to 
Dr.  Charles  H.  Gilbert,  the  coracoid  plate  begins  to  break  up 


Pi».  38il  -Alaska  Blackfish.  DaUia  peetoroliM  (Bean).    St   Michaela,  AIoBka. 


into  a  fringe  of  narrow  cartilaginous  strips. 

"  In  the  deep-sea  eels  of  the  order  Heteromi  there  is  a  some- 
what similar  condition  of  the  coracoid  elements  inasmuch  as 
the  hypercoracoid  and  hypocoracoid  though  present  are  merely 
membranous  elements  surrounded  by  cartilage  and  the  acti- 
nosts are  greatly  reduced.  It  seems  probable  that  we  are 
dealing  in  the  two  cases  with  independent  degeneration  of  the 
shoulder-girdle  and  that  the  two  groups  {Xenomi  and  Heteromi) 
are  not  really  related."     (Gilbert.) 

Of  the  single  family  Dalliids:,  one  species  is  known,  the 
Alaska  blackfish,  Dallia  pectoralis. 

This  animal,  formed  like  a  mud-minnow,  reaches  a  length 
of  eight  inches  and  swarms  in  the  bogs  and  sphagnum  swamps  of 
northwestern  Alaska  and  westward  through  Siberia.  It  is  foimd 
in  countless  numbers  according  to  its  discoverer,  Mr.  L.  M, 
Tamer,  "wherever  there  is  water  enough  to  wet  the  skin  of 
a  fish,"  and  wherever  it  occurs  it  forms  the  chief  food  of  the 
natives.  Its  vitahty  is  most  extraordinary.  Blackfishes  will 
remain  frozen  in  baskets  for  weeks  and  when  thawed  out  are 
as  lively  as  ever.  Turner  gives  an  account  of  a  frozen  individual 
swallowed  by  a  dog  which  escaped  in  safety  after  being  thawed 
out  by  the  heat  of  the  dog's  stomach. 


CHAPTER  XXVI 
ACANTHOPTERYGII ;   SYNENTOGNATHI 

RDER    Acanthopterygiiy    the    Spiny-rayed    Fishes.  —  The 

most  of  the  remaining  bony  fishes  constitute  a  natural 
group  for  which  the  name  Acanthopterygii  {aKavOa, 
spine;  nripvGj  Trrepov,  fin  or  wing)  may  be  used.  This  name 
is  often  written  Actinopteri,  a  form  equally  correct  and  more 
euphoniotis  and  convenient.  These  fishes  are  characterized, 
with  numerous  exceptions,  by  the  presence  of  fin  spines,  by 
the  connection  of  the  ventral  fins  with  the  shoulder-girdle, 
by  the  presence  in  general  of  more  than  one  spine  in  the  an- 
terior part  of  dorsal  and  anal  fins,  and  as  a  rule  of  one  spine  and 
five  rays  in  the  ventral  fins,  and  by  the  absence  in  the  adult 
of  a  duct  to  the  air-bladder.  Minor  characters  are  these: 
the  pectoral  fins  are  inserted  high  on  the  shoulder-girdle,  the 
scales  are  often  ctenoid,  and  the  edge  of  the  upper  jaw  is  formed 
by  the  premaxillary  alone,  the  maxillary  being  always  toothless. 

But  it  is  impossible  to  define  or  limit  the  group  by  any 
single  character  or  group  of  characters,  ft  is  connected  with 
the  Malacopterygii  through  the  Haplomi  on  the  one  hand  by 
transitional  groups  of  genera  which  may  lack  any  one  of  these 
characters.  On  the  other  hand,  in  the  extreme  forms,  each 
of  these  distinctive  characters  may  be  lost  through  degenera- 
tion. Thus  fin  spines,  ctenoid  scales,  and  the  homocercal  tail 
are  lost  in  the  codfishes,  the  connection  of  ventrals  with  shoulder- 
girdle  fails  in  the  Percesoces,  etc.,  and  the  development  of  the 
air-duct  is  subject  to  all  sorts  of  variations.  In  one  family 
even  the  adipose  fin  remains  through  all  the  changes  and 
modifications  the  species  have  tindergone. 

The  various  transitional  forms  between    the  Haplomi  and 

the  perch-like  fishes  have  been  from  time  to  time  regarded  as 
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separate  orders.  Some  of  them  are  more  related  to  the  perch, 
others  rather  to  ancestors  of  sahnon  or  pike,  while  still  others 
are  degenerate  offshoots,  far  enough  from  either. 

On  the  whole,  all  these  forms,  medium,  extreme  and  tran- 
sitional, may  well  be  placed  in  one  order,  which  would  include 
the  primitive  flying-fishes  and  mullets,  the  degraded  globefishes, 
and  the  specialized  flotmders.  As  for  the  most  part  these  are 
spiny-rayed  fishes,  Cuvier's  name  Acanthopterygii,  or  Acanthopteri, 
will  serve  us  as  well  as  any.  The  Physoclysti  of  MuUer,  the 
Thoracices  of  older  authors,  and  the  Ctenoidei  of  Agassiz  in- 
clude substantially  the  same  series  of  forms.  The  order  Teleo- 
cephali  of  Gill  (reAeo?,  perfect;  Ke(t>a\ri,  head)  has  been  lately 
so  restricted  as  to  cover  nearly  the  same  ground.  In  Gill's 
most  recent  catalogue  of  families,  the  order  Teleocephali  in- 
cludes the  Haplomi  and  rejects  the  Hemihranchii,  Lophobranchii, 
Plectognathi,  and  Pediculati,  all  of  these  being  groups  charac- 
terized by  sharply  defined  but  comparatively  recent  characters 
not  of  the  highest  importance.  As  originally  arranged,  the  order 
Teleocephali  included  the  soft-rayed  fishes  as  well.  From  it  the 
Ostariophysi  were  first  detached,  and  still  later  the  Isospondyli 
were  regarded  by  Dr.  Gill  as  a  separate  order. 

We  may  first  take  up  serially  as  suborders  the  principal 
groups  which  serve  to  effect  the  transition  from  soft-rayed  to 
spiny-rayed  fishes. 

Suborder  Synentognathi.  —  Among  the  transitional  forms  be- 
tween the  soft-rayed  and  the  spiny-rayed  fishes,  one  of  the  most 
important  groups  is  that  known  as  Synentognathi  {cvv,  to- 
gether; evy  within;  yvdOo?,  jaw).  These  have,  in  brief,  the  fins 
and  shoulder-girdle  of  Haplomi,  the  ventral  fins  abdominal,  the 
dorsal  and  anal  without  spines.  At  the  same  time,  as  in  the 
spiny-rayed  fishes,  the  air-bladder  is  without  duct  and  the 
pectoral  fins  are  inserted  high  on  the  side  of  the  body.  With 
these  traits  are  two  others  which  characterize  the  group  as  a 
suborder.  The  lower  pharyngeal  bones  are  solidly  imited  into 
one  bone  and  the  lateral  line  forms  a  raised  ridge  along  the 
lower  side  of  the  body.  These  forms  are  structurally  allied 
to  the  pikes  {Haplomi),  on  the  one  hand,  and  to  the  mullets 
(Percesoces) ,  on  the  other,  and  this  relationship  accords  with 
their  general  appearance.     In  this  group  as  in  all  the  remain- 
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ing  families  of  fishes,  there  is  no  mesocoracoid,  and  in  very 
nearly  all  of  these  families  the  duct  to  the  air-bladder  disappears 
at  an  early  stage  of  development. 

The  Garfishes:  Belonidae.  —  There  are  two  principal  groups 
or  families  among  the  Synentognathi,  the  Belontdce,  with  strong 
jaws  and  teeth,  and  the  Exoccetidce,  in  which  these  structtires 
are  feeble.  Much  more  important  characters  appear  in  the 
anatomy.  In  the  Belontdce  the  third  upper  pharyngeal  is 
small,  with  few  teeth,  and  the  maxillary  is  firmly  soldered  to 
the  premaxillary.  The  vertebrae  are  provided  with  zygapophy ses. 
The  species  of  Belontdce  are  known  as  garfishes,  or  needle- 
fishes. They  resemble  the  garpike  in  form,  but  have  nothing 
else  in  common.  The  body  is  long  and  slender,  covered  with 
small  scales.     Sharp,  unequal  teeth  fill  the  long  jaws  and  the 


Fig.  834. — Needle-fish,  Tylosurus  acua  (Lac^pdde).     New  York. 

dorsal  is  opposite  the  anal,  on  the  hinder  part  of  the  body.  These 
fishes  are  green  in  color,  even  the  bones  being  often  bright 
green,  while  the  scales  on  the  sides  have  a  silvery  luster.  The 
species  are  excellent  as  food,  the  green  color  being  associated 
with  nothing  deleterious.  All  are  very  voracious  and  some  of 
the  larger  species,  5  or  6  feet  long,  may  be  dangerous  even  to 
man.  Fishermen  have  been  wounded  or  killed  by  the  thrust 
of  the  sharp  snout  of  a  fish  springing  into  the  air.  The  garfishes 
swim  near  the  surface  of  the  water  and  often  move  with  great 
swiftness,  frequently  leaping  from  the  water.  The  genus 
Belone  is  characterized  by  the  presence  of  gill-rakers.  Belone 
belone  is  a  small  garfish  common  in  southern  Europe.  Belone 
platura  occurs  in  Polynesia.  The  American  species  (Tylosurus) 
lack  gill-rakers.      Tylosurus  marinus,  the  common  garfish    of 
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the  eastern  United  States,  often  ascends  the  rivers.  Tylosurus 
raphidoma,  Tylosurus  fodiator,  Tylosurus  acus,  and  other  species 
are  very  robust,  with  short  strong  jaws.  Athlennes  Mans  is  a 
very  large  fish  with  the  body  strongly  compressed,  almost 
ribbon-like.  It  is  fotmd  in  the  West  Indies  and  across  the 
Isthmus  as  far  as  Hawaii.  Many  other  species,  mostly  belong- 
ing to  Tylosurus,  abound  in  the  warm  seas  of  all  regions. 
Tylosurus  ferox  is  the  long  tom  of  the  Australian  markets. 
Potamorrhaphis  with  the  dorsal  fin  low  is  found  in  Brazilian 
rivers.  A  few  fossil  species  are  referred  to  Belone,  Belone  flava 
from  the  lower  Eocene  being  the  earliest. 

The  Flying-fishes:  Exocoetidse. — The  family  of  ExoccetidcB  in- 
cludes the  flying-fishes  and  several  related  foijns  more  or  less 
intermediate  between  these  and  the  garfishes.  In  these  fishes 
the  teeth  are  small  and  nearly  equal  and  the  maxillary  is  sepa- 
rate from  the  premaxillary.  The  third  upper  pharjmgeal  is 
much  enlarged  and  there  are  no  zygapophyses  to  the  vertebrae. 

The  skippers  (Scombresox)  have  slender  bodies,  pointed  jaws, 
and,  like  the  mackerel,  a  number  of  detached  finlets  behind 
dorsal  and  anal,  although  in  other  respects  they  show  no  affinity 
to  the  mackerel.  The  common  skipper,  or  saury  {Scombresox 
saurus) ,  is  f oimd  on  both  shores  of  the  North  Atlantic  swimming 
in  large  schools  at  the  surface  of  the  water,  frequently  leaping 
for  a  little  distance  like  the  flying-fish.  They  are  piirsued  by 
the  mackerel-like  fishes,  as  the  ttmny  or  bonito,  and  sometimes 
by  porpoises.  According  to  Mr.  Couch,  the  skippers,  when 
pursued,  **  mount  to  the  surface  in  multitudes  and  crowd  on 
each  other  as  they  press  forward.  When  still  more  closely 
pursued,  they  spring  to  the  height  of  several  feet,  leap  over 
each  other  in  singular  confusion,  and  again  sink  beneath.  Still 
further  urged,  they  mount  again  and  rush  along  the  surface, 
by  repeated  starts,  for  more  than  one  htmdred  feet,  without 
once  dipping  beneath  or  scarcely  seeming  to  touch  the  water. 
At  last  the  piirsuer  springs  after  them,  usually  across  their  course, 
and  again  they  all  disappear  together.  Amidst  such  multi- 
tudes— ^for  more  than  twenty  thousand  have  been  judged  to 
be  out  of  the  water  together — some  must  fall  a  prey  to  the  enemy ; 
but  so  many  himting  in  company,  it  must  be  long  before  the 
pursuers  abandon.     From  inspection  we  could  scarcely  judge 
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the  fish  to  be  capable  of  such  flights,  for  the  fins,  though  numerous, 
are  small,  and  the  pectoral  far  from  large,  though  the  angle 
of  their  articulation  is  well  adapted  to  raise  the  fish  by  the 
direction  of  their  motions  to  the  surface/' 

A  similar  species,  Cololabis  saira,  with  the  snout  very  much 
shorter  than  in  the  Atlantic  skipper,  is  the  Samma  of  the  fisher- 
men of  Japan. 

The  hard-head  {Chriodonis  atherinoides)  has  no  beak  at  all 
and  its  tricuspid  incisor  teeth  are  fitted  to  feed  on  plants.  In 
this  genus,  as  in  the  flying-fishes,  there  are  no  finlets.  The  hard- 
head is  an  excellent  food-fish  abundant  about  the  Florida  Keys 
but  not  yet  seen  elsewhere. 

Another  group  between  the  gars  and  the  flying-fishes  is  that 
of  the  halfbeaks^  or  balaos,  Hemirhamphus,  etc.     These  are  also 


Fig.  385. — Saury,  Scombresox  saurus  (L.).      Woods  Hole. 

vegetable  feeders,  but  with  much  smaller  teeth,  and  the  lower 
jaw  with  a  spear-like  prolongation  to  which  a  bright-red  mem- 
brane is  usually  attached.  Of  the  halfbeaks  there  are  several 
genera,  all  of  the  species  swimming  near  the  surface  in  schools 
and  sometimes  very  swiftly.  Some  of  them  leap  into  the  air 
and  sail  for  a  short  distance  like  flying-fishes,  with  which  group 
the  halfbeaks  are   connected  by  easy  gradations.      The  com- 


FiG.   336  — Halfbeak,    Hi/porhamphus   unifasciatus    (Ranzani).     Chesapeake    Bay. 

monest  species  along  our  Atlantic  coast  is  Hyporhamphits  uni- 
fasciatus;  a  larger  species,  Hemirhamphiis  brasiliensis,  abounds 
about  the  Florida  Keys.  Euleptorhamphus  longirostrts,  a  ribbon- 
shaped  elongate  fish,  with  long  jaw  and  long  pectorals,  is  taken 
in  the  open  sea,  both  in  the  Altantic  and  Pacific,  being  common 
in  Hawaii.      The  Asiatic   genus   Zenarchoptems  is  viviparous, 
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having  the  anil  fin  much  modified  in  the  male,  forming  an 
intromittent  organ,  as  in  the  Pceciliidts.  One  species  occurs  in 
the  river  mouths  in  Samoa. 

The  flying-fishes  have  both  jaws  short,  and  at  least  the 


Fio.  888  — Sharp-nosed  Flying-fish,  Fodiator  aeutus  {\'al.).     Panama. 


pectoral  fins  much  enlarged,  so  that  the  fish  may  sail  in  the  air 
for  a  longer  or  shorter  distance. 

The  smaller  species  have  usually  shorter  fins  and  approach 
more  nearly  to  the  halfbeaks.  Fodiator  aeutus,  with  sharp 
jaws,  and  Hemiexoca:tus,  with  a  short  beak  on  the  lower  jaw, 
are  especially  intermediate.  The  flight  of  the  flying-fishes  is 
described  in  detail  on  p.  44. 

The  Catalina  flying-fish,  Cypsehirus  californiciis,  of  the  shore 
of  southern  California  is  perhaps  the  largest  of  the  known  species, 
reaching  a  length  of  18  inches.  To  this  genus,  Cypselttnts, 
having  a  long  dorsal  and  short  anal,  and  with  ventrals  en- 
larged as  well  as  pectorals,  belong  all  the  species  strongest  in 
flight,  Cypsclnnis  hetenirus  and  fnrcatiis  of  the  Atlantic,  Cypse- 
lunis  sinms  of  HawiiJi  and  Cypsclnnis  ai^oo  in  Japan.  The  very 
young  of  most  of  these  species  have  a  lung  barbel  at  the  chin 
which  is  lost  with  age. 

In  the  genus  Exonanlcs  the  base  of  anal  fm  is  long,  as  long 
as  that  of  the  dorsal.  The  species  of  this  group,  also  strong 
in  flight,  are  widely  distributed.  -Most  of  the  European  flying- 
fishes,  as  Exonautes  rondeleti,  Exonautcs  nibescois,  and  Exo- 
naittes  vinciguerra:,  belong  to  this  group,  while  those  of  Cypse- 
hirus mostly  inhabit  the  Pacific.  The  large  Australian  species 
Exonautes  nnicolor  belongs  to  this  group.  In  the  restricted 
genus  Exoctrtiis  the  ventral  fins  are  short  and  not  used  in  flight. 
Exocatits   volitans    (evolaus)    is   a   small    flying-fish,    with   short 
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ventral  fins  not  used  for  flight.  It  is  perhaps  the  most  widely 
distributed  of  all,  ranging  through  almost  all  warm  seas. 
Parexoca^tiis  bmchypterus,  still  smaller,  and  with  shorter,  grass- 
hopper-like wings,  is  also  very  widely  distributed.  i\n  ex- 
cellent account  of  the  flying-fishes  of  the  world  has  been  given 
by  Dr.  C.    F.    Lutken  {1876J,   the    University  of  Copenhagen, 


Fio.  339.— Caialina  nyuiE-&*h.  C-ji-auuruit  ciiijuruirut   t.V>,perj.      Saula  Bar)>iira. 

which  institution  has  received  a  remarkably  fine  series  from 
trading-ships  returning  to  that  port.  Later  accounts  have 
been  given  by  Jordan  and  Meek,  and  by  Jordan  and  Ever- 
mann. 

Ver\-  few  fossil  Exocatid-s  are  found.  Species  of  Scombresox 
and  Hcmir'nampiiits  are  found  in  the  Tertiar\-,  the  earliest  being 
HemiThamphiis  cJ'j.-jrds!  from  the  Eocene  of  Monte  Bolca.  No 
fossil  flying-fishes  are  known,  and  the  genera.  ExoarUis,  Exo- 
nautes,  and  Cypselttrus  are  doubtless  all  of  verj'  recent  origin. 


CHAPTER  XXVII 

PERCESOCES  AND   RHEGNOPTERI 

UBORDER  Percesoces. — In  the  line  of  direct  ascending 
transition  from  the  Haplomi  and  Synentognathi,  the 
pike  and  flying-fish,  towards  the  typical  perch-like 
forms,  we  find  a  number  of  families,  perch-like  in  essential 
regards  but  having  the  ventral  fins  abdominal. 

These  types,  represented  by  the  mullet,  the  silverside,  and 
the  barracuda,  have  been  segregated  by  Cope  as  an  order  called 
Percesocez  (Perca,  perch;  Esox,  pike),  a  name  which  correctly 
describes  their  real  affinities.  In  these  typical  forms,  mullet, 
silverside,  and  barracuda,  the  affinities  are  plain,  but  in  other 
transitional  forms,  as  the  threadfin  and  the  stickleback,  the 
relationships  are  less  clear.  Cope  adds  to  the  series  of  Percesoces 
the  OphiocephalidcB,  which  Gill  leaves  with  the  Ajtabantidcv 
among  the  spiny-rayed  forms.  Boulenger  adds  also  the  sand- 
lances  (Ammodytidce)  and  the  thrcadfins  {Polynemidcc),  while 
Woodward  places  here  the  Crossognathidcc.  In  the  present 
work  we  define  the  Percesoces  so  as  to  include  all  spiny-rayed 
fishes  in  which  the  ventral  fins  are  naturally  abdominal,  except- 
ing those  having  a  reduced  number  of  gill-bones,  or  of  actinosts, 
or  other  peculiarities  of  the  shoulder-girdle.  The  Ammodytidce 
have  no  real  affinities  with  the  Percesoces.  The  Crossognathidcc 
and  other  families  with  abdominal  ventrals  and  the  dorsal  spines 
wholly  obsolete  may  belong  with  the  Haplomi.  Boulenger  places 
the  ChiasmodontidcCy  the  Stromateidcc,  and  the  Tetragonuridcc 
among  the  Percesoces,  an  arrangement  of  very  doubtful  validity. 
In  most  of  the  Percesoces  the  scales  are  cycloid,  the  spinous 
dorsal  forms  a  short  separate  fin,  and  in  all  the  air-duct  is 
wanting. 

The   Silversides:   Atherinidse. — The   most   primitive   of   living 

Percesoces  constitute  the  large  family  of  silversides  {Atherinidce), 
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known  as  "fishes  of  the  King/*  Pescados  del  Rey,  Pesce  Rey,  or 
Peixe  Re,  wherever  the  Spanish  or  Portuguese  languages  are 
spoken.  The  species  are,  in  general,  small  and  slender  fishes 
of  dry  and  delicate  flesh,  feeding  on  small  animals.  The  mouth 
is  small,  vnth  feeble  teeth.  There  is  no  lateral  line,  the  color 
is  translucent  green,  with  usually  a  broad  lateral  band  of  silver. 
Sometimes  this  is  wanting,  and  sometimes  it  is  replaced  by 
burnished  black.  Some  of  the  species  live  in  lakes  or  rivers, 
others  in  bays  or  arms  of  the  sea,  but  never  at  a  distance  from 
the  shore  or  in  water  of  more  than  a  few  feet  in  depth.  The 
larger  species  are  much  valued  as  food,  the  smaller  ones,  equally 
delicate,  are  fried  in  numbers  as  "whitebait,**  but  the  bones  are 
firmer  and  more  troublesome  than  in  the  smelts  and  young 
herring.  The  species  of  the  genus  Atherina,  known  as  "friars,** 
or  "brit,**  are  chiefly  European,  although  some  occur  in  almost 
all  warm  or  temperate  seas.  These  are  small  fishes,  with  the 
mouth  relatively  large  and  oblique  and  the  scales  rather  large 
and  firm.  Aiherina  hepsetus  and  A,  presbyter  are  common  in 
Europe,  Atherina  stipes  in  the  West  Indies,  AtherUia  bleekeri 
in  Japan,  and  Atherina  instilarum  and  A,  lacunosa  in  Polynesia. 
The  •  genus  Chirostonia  contains  larger  species,  with  project- 
ing lower  jaw,  abounding  in  the  lakes  of  Mexico.  Chiro- 
stoma  humboldtianum  is  very  abundant  about  Mexico  City. 
Like  all  the  other  species  of  this  genus  it  is  remarkably  excellent 
as  food,  the  different  species  constituting  the  famous  "  Pescados 
Blancos'*  of  the  great  lakes  of  Chapala  and  Patzcuaro  of  the 
western  slope  of  Mexico.  A  very  unusual  circumstance  is  this: 
that  numerous  very  closely  related  species  occupy  the  same 
waters  and  are  taken  in  the  same  nets.  In  zoology,  generally, 
it  is  an  almost  universal  rule  that  very  closely  related  species 
occupy  different  geographical  areas,  their  separation  being 
due  to  barriers  which  prevent  interbreeding.  But  in  the  lake 
of  Chapala,  near  Guadalajara,  Prof.  John  O.  Snyder  and  the 
present  writer,  and  subsequently  Dr.  S.  E.  Meek,  found  ten 
distinct  species  of  Chirostoma,  all  living  together,  taken  in  the 
same  nets  and  scarcely  distinguishable  except  on  careful 
examination.  Most  of  these  species  are  very  abimdant  through- 
out the  lake,  and  all  reach  a  length  of  twelve  to  fifteen  inches. 
These  species  are  Chirostofna  estor,  Ch,  Iticius,  Ch,  sphyrcena^ 
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Ck.  ocoUatu,  Ck.  lemuB,  Ck.  chapaUs,  Ck.  grandocule,  Ch.  labarccB, 
Ch.  promelas,  and  Ch.  barUmi.    A  siimlar  assemblage  of  species 


Fia.  840.- 


nearly  all  different  from  these  was  obtained  by  Dr.  Seth  E. 
Meek  in  the  lake  of  Patzcuaro,  farther  south.  In  this  lake 
were  found  Ch.  attenuatum,  Ch.  patzcttaro,  Ck.  hutnboldtianum, 
Ch.  grandocule,  and  Ch.  estor.  The  lake  of  Zirahuen,  near 
Chapala,  contains  Ch.  estor  and  Ck.  zirahuen. 

Still  another  species,  Ch.  jordani,  is  found  about  the  city  of 
Mexico,  where  it  is  sold  baked  in  com-husks.  Along  the  coasts 
of  Peru,  Chile,  and  Argentina  is  found  still  another  assemblage 
of  fishes  of  the  king,  with  very  small  scales,  constitutii^  the 
genera  Basilichthys  and  Gastropterus  (Pisciregia).  Basilichthys 
microtepidotus  is  the  common  Pesca  del  Rey  of  Chile.  The 
small  silversides,  or  "brit,"  of  our  Atlantic  coast  belong  to 
'  numerous  species  of-  Menidia,  Menidia  notata  to  the  northward 
and  Menidia  menidia  to  the  southward  being  most  abundant. 


Fio.  841. — SUvennde  or  Brit,  Kirtlandia  va^rans  (Goode  &  Bean).    Pensacola. 


Kirilandia  laciniata,  with  ragged  scales,  is  common  along  the 
Virginia  coast,  and  K.  vagrans  farther  south.  Another  small 
species,  very  slender  and  very  graceful,  is  the  brook  silver- 
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side  Labidesliies  siccuhis,  which  swarms  in  clear  streams  from 
Lake  Ontario  to  Texas.  This  species,  three  to  four  inches 
long,  has  the  snout  produced  and  a  very  bright  silvery  stripe 
along  the  side.-    Large  and  small  species  of  silversides  occur 


Fio.  843  —Blue  Smelt 


in  the  sea  along  the  California  coast,  where  they  are  known 
familiarly  as  "blue  smelt"  or"Peixe  Re."  The  most  impor- 
tant of  these  and  the  largest  member  of  the  family,  reaching 
a  length  of  eighteen  inches,  is  Atherinopsis  calif orniensis,  an 
important  food-fish  throughout  California,  everywhere  wrongly 
known  as  smelt.     Alherinops  affinis  is  much  like  it,  but  has 


Fig.  843. — Flower  of   the  surf.  Ito  fiog-mari*,  Jordan  &  Starka.     Eaoshfma, 


Y-shaped  teeth.  Iso  fios-maris,  called  Nami-no-hana,  or 
flower  of  the  surf,  is  a  shining  little  fish  with  belly  sharp  like 
that  of  a  herring.  It  lives  in  the  surf  on  the  coast  of  Japan. 
Melanot<Bnia  nigrans  of  Australia  (family  Melatwticmidte)  has 
the  lateral  band  jet-black,  as  has  also  Melanirts  balsanus  of  the 
rivers  of  southern  Mexico.  Atherinosoma  vorax  of  Australia  has 
strong  teeth  hke  those  of  a  barracuda. 

Fossil  species  of  Atherina  occur  in  the  Italian  Eocene,  the 
best  known  being  Atherina  macrocephala.  Another  species, 
Wiamphognalhus  paralepoides,  allied  to  Menidia,  occurs  in  the 
Eocene  of  Monte  Bolca. 
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The  Mullets:  Mugilidae. — The  mullets  (MugilicUe)  are  more 
clumsy  in  form  than  the  silversides,  robust,  with  broad  heads 
and  stouter  fin-spines.  The  ventral  fins  are  abdominal  but 
well  forward,  the  pelvis  barely  touching  the  clavicle,  a  con- 
dition to  be  defined  as  '*subabdominal/'  The  small  mouth 
is  armed  with  very  feeble  teeth,  often  reduced  to  mere  fringes. 
The  stomach  is  muscular  like  the  gizzard  of  a  fowl  and 
the  species  feed  largely  on  the  vegetation  contained  in  mud. 
There  are  numerous  species,  mostly  living  in  shallow  bays 
and  estuaries,  but  some  of  them  are  confined  to  fresh  waters. 
All  are  valued  as  food  and  some  of  them  tmder  favorable  con- 
ditions are  especially  excellent. 

Most  of  the  species  belong  to  the  genera  Mugil,  the  mullet  of 
all  English-speaking  people,  although  not  at  all  related  to  the 
red  mullet  or  siumuUet  of  the  ancient  Romans,  Mullus  barbatus. 
The  mullets  are  stoutish  fish  from  one  to  two  feet  long, 
with  blunt  heads,  small  mouths  almost  toothless,  large  scales, 
and  a  general  bluish-silvery  color  often  varied  by  faint  blue 
stripes.  The  most  important  species  is  Mugil  cephalus,  the 
common  striped  mullet  This  is  found  throughout  southern 
Etu-ope  and  from  Cape  Cod  to  Brazil,  from  Monterey,  California, 
to  Chile,  and  across  the  Pacific  to  Hawaii,  Japan,  and  the  Red 
Sea. 

Mr.  Silas  Steams  compares  a  school  of  mullets  to  barnyard 
fowls  feeding  together.  When  a  fish  finds  a  rich  spot  the  others 
flock  about  it  as  chickens  do.  The  pharyngeals  form  a  sort  of 
filter,  stopping  the  sand  and  mud,  the  coarse  parts  being  ejected 
through  the  mouth. 

The  young  mullet  feed  in  scliools  and  often  swim  with  the 
head  at  the  surface  of  the  water. 

The  white  or  unstriped  mullets  are  generally  smaller,  but 
otherwise  differ  little.  Mugil  cnrcma  is  the  white  mullet  of 
tropical  America,  ranging  occasionally  northward,  and  several 
other  species  occur  in  the  West  Indies  and  the  Mediterranean. 
The  genus  Mugil  has  the  eye  covered  by  thick  transparent 
tissue  called  the  adipose  eyelid.  In  Liza  the  adipose  eyelid  is 
wanting.  Liza  capita,  the  big-headed  mullet  of  the  Mediterra- 
nean, is  a  well-known  species.  Most  of  the  mullets  of  the  south 
seas    belong   to   the   genus  Liza,      Liza   melinoptera  and   Liza 
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c(eruleomaculata  are  common  in  Samoa.  The  genus  Querimana 
includes  dwarf-mullets,  two  or  three  inches  long,  known  as 
whir%ig-mullets.  These  Uttle  fishes  gather  in  small  schools 
and  swim  roimd  and  round  on  the  surface  like  the  whirligig- 
beetles,  or  Gyrinida,  their  habits  being  like  those  of  the  yoimg 
mullets;  some  yoimg  mullets  having  been,  in  fact,  described 
as  species  of  Querimana.  The  genus  Agonostomus  includes  fresh- 
water mullets  of  the  mountain  rivers  of  the  East  and  West  Indies 
and  Mexico,  locally  known  as  trucha,  or  trout.  Agonostomus 
nasutus  of  Mexico  is  the  best-known  species. 

The  Joturo,  or  Bobo,  Joturus  pichardi,  is  a  very  large  robust 
and  vigorous  mullet  which  abounds  at  the  foot  of  waterfalls 


S44, — Joturo  or  Bobo,  Joturua  pichardi  Poey.     Rio  Bayano,  PanBina. 


in  the  mountain  torrents  of  Cuba,  eastern  Mexico,  and  Central 
America.  It  is  a  good  food-fish,  frequently  taken  about  Jalapa, 
Havana,  and  on  the  Isthmus  of  Panama.  Its  lips  are  very 
thick  and  its  teeth  are  broad,  serrated,  loosely  inserted  incisors. 

Fossil  mullets  are  few.  MugU  radobojanus  is  the  earliest 
from  the  Miocene  of  Croatia. 

The  Barracudas;  Sphyrenidae. — The  Sphyrwnida:,  or  barracu- 
das, differ  from  the  mullets  in  the  presence  of  very  strong 
teeth  in  the  bones  of  the  large  mouth.  The  lateral  line  is  also 
developed,  there  is  no  gizzard,  and  there  are  numerous  minor 
modifications  connected  with  the  food  and  habits.  The  species 
are  long,  slender  swift  fishes,  powerful  in  swimming  and  vora- 
cious to  the  last  degree.  Some  of  the  species  reach  a  length  of 
six  feet  or  more,  and  these  are  almost  as  dangerous  to  bathers 
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as  sharks  would  be.  The  long,  knife-like  teeth  render  them 
very  destructive  to  nets.  The  numerous  species  are  placed 
in  the  single  genus  SphyrcBtia,  and  some  of  them  are  found  in 
all  warm  seas,  where  they  feed  freely  on  all  smaller  fishes,  their 
habits  in  the  sea  being  much  like  those  of  the  pike  in  the  lakes. 
The  flesh  is  firm,  delicate,  and  excellent  in  flavor.  In  the  larger 
species,  especially  in  the  West  Indies,  it  may  be  difficult  of 
digestion  and  sometimes  causes  serious  illness,  or  **ichthyosism.'' 


Fig.  845. — Barracuda,  Sphyrwna  barracuda  Walbaum.     Florida. 

SphyrcBfta  sphyrcsna  is  the  spet,  or  sennet,  a  rather  small 
barracuda  common  in  southern  Europe.  Sphyrcona  borealis  of 
o\ir  eastern  coast  is  a  similar  but  still  feebler  species  rarely 
exceeding  a  foot  in  length.  These  and  other  small  species  are 
feeble  folk  as  compared  with  the  great  barracuda  {Sphyrcuna 
barracuda)  of  the  West  Indies,  a  robust  savage  fish,  also  known 
as  picuda  or  becuna.  Sphyrcona  commersoni  of  Polynesia  is  a 
similar  large  species,  while  numerous  lesser  ones  occur  through 
the  tropical  seas.  On  the  California  coast  Sphyrccna  argentca 
is  an  excellent  food-fish,  slenderer  than  the  great  barracuda 
but  reaching  a  length  of  five  feet. 

Several  species  of  fossil  barracuda  occur  in  the  Italian 
Eocene,   Sphyrccna  bolccnsis  lacing  the  earliest. 

Stephanoberycidse. — We  may  a])])end  to  the  '  Percesoces,  for 
want  of  a  better  place,  a  small  family  of  the  deep  sea,  its 
affinities  at  present  unknown.  The  StepJuviobcrycidcc  have  the 
ventrals  i,  5,  subabdominal,  a  single  dorsal  without  spine,  and 
the  scales  cycloid,  scarcely  imbricated,  each  with  one  or  two 
central  spines.  The  mouth  is  large,  with  small  teeth,  the  skull 
cavernous,  as  in  the  berycoids,  from  which  group  the  normally 
formed  ventrals  abdominal  in  ])osition  would  seem  to  exclude  it. 
Stephanoberyx  moncc  and  5.  gilli  are  found  at  the  depth  of  a 
mile  and  a  half  below  the  Gulf  Stream.     Boulenger  first  placed 
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them  w4th  the  Percesoces,  but  more  recently  suggests  their  re- 
lationship with  the  Haplomi,  Perhaps,  as  supposed  by  Gill, 
they  may  prove  to  be  degenerate  berycoids  in  which  the  ven- 
tral fins  have  lost  their  normal  connection. 

Crossognathidae.  —  A  peculiar  primitive  group  referred  by 
Woodward  to  the  Percesoces  is  the  family  of  CrossognathicUB 
of  the  Cretaceous  period.  As  in  these  fishes  there  are  no  fin- 
spines,  they  may  be  perhaps  better  placed  with  the  Haplomi. 
The  dorsal  fin  is  long,  without  distinct  spines,  and  the  abdom- 
inal ventrals  have  six  to  eight  rays.  The  mouth  is  small, 
with  feeble  teeth,  and  the  body  is  elongate  and  compressed. 
Crossognathus  sabandianum  occurs  in  the  Cretaceous  of  Switzer- 
land and  Germany,  Syllccmiis  latifrons  and  other  species  in 
the  Colorado  Cretaceous,  and  Syllcemus  anglictis  in  England. 
The  Crossogftathida:  have  probably  the  lower  pharyngeals  sep- 
arate, else  they  would  be  placed  among  the  Syne^itognathi,  a 
group  attached  by  Woodward,  not  without  reason,  to  the 
Percesoces, 

Cobitopsidae. — Near  the  Crossognatltidce  may  be  placed  the 
extinct  Cobitopstdce,  Cobitopsis  acuta  being  recorded  from  the 


Fig.  846. — Cobitopns  acuta  Gerx-ais,   restored.    Oligocene  of  Puy-de-Ddme. 

(After  Woodward.) 

Oligocene  of  Puy-de-D6me  in  France.  In  this  species  there 
is  a  short  dorsal  fin  of  about  seventeen  rays,  no  teeth,  and 
the  well-developed  ventral  fins  are  not  far  in  front  of  the  anal. 
This  little  fish  bears  a  strong  resemblance  to  Amfnodytes,  but 
the  affinities  of  the  latter  genus  are  certainly  with  the 
ophidioid  fishes,  while  the  real  relationship  of  Cobitopsis  is 
uncertain. 

Suborder  Rhegnopteri. — ^The  threadfins  (Polynemidce)  are  al- 
lied to  the  mullets,  but  differ  from  them  and  from  all  other 
fishes  in  the  structiu'e  of  the  pectoral  fin  and  its  basal  bones, 
or  actinosts. 

The  pectoral  fin  is  divided  into  two  parts,  the  lower  com- 
posed of  free  or  separate  rays  very  slender  and   thread-like, 
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sometimes  longer  than  the  body.  Two  of  the  actinosts  of  the 
pectoral  support  the  fin,  one  is  slender  and  has  no  rays,  while 
the  fotirth  is  plate-like  and  attached  to  the  coracoids,  support- 
ing the  pectoral  filaments.  The  body  is  rather  robust,  covered 
with  large  scales,  formed  much  as  in  the  mullet.     The  lateral 


line  extends  on  the  caudal  fin  as  in  the  Sci(Enid(B,  which  group 
these  fishes  resemble  in  many  ways.  The  mouth  is  large, 
inferior,  with  small  teeth.  The  species  are  carnivorous  fishes 
of  excellent  flesh,  abounding  on  sandy  shores  in  the  warm 
seas.     They  are  not  very  active  and  not  at  all  voracious.     The 


A    -4, 


Fio.  346.— Threadfin,  Po/!/rfaWy(usor(o7K-mus(Girard).     Pensarola. 

coloration  is  bluish  and  silver^',  sometimes  striped  with  black. 
Most  of  the  species  belong  to  the  genus  Polydactylus.     Poly- 
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CHAPTER  XXVIII 

PHTHINOBRANCHII:    HEMIBRANCHII.  LOPHO- 
BRANCHII,  AND  HYPOSTOMIDES 

[  UBORDER    Hemibranchii.  —  Still    another    transitional 

group,  the  Hetnibrancbii,  is  composed  of  spiny- 
rayed  fishes  with  abdominal  vcntrals.  In  this  sub- 
order there  are  other  points  of  divei^ence,  though  none  of 
high  importance.  In  these  fishes  the  bones  of  the  shoulder-girdle 
are  somewhat  distorted,  the  supraclavicle  reduced  or  wanting, 
and  the  gill  structures  somewhat  degenerate.  The  presence 
of  bones  called  interclavicles  or  infraclavicles,  below  and  behind 
the  clavicle,  has  been  supposed  to  characterize  the  order  of 
Hemibranchii.  But  this  character  has  very  slight  importance. 
In  two  families,  Macrorltamphosidcs  and  Centriscida:,  the  inter- 
clavicles are  absent  altogether.  In  the  Fistidariida:  they  are 
very  large.     According  to  the  studies  of  Mr.  Edwin  C.  Starks, 


Fia.  349, 
Fio.    349.— Shoulder-ginJle    ■ 
(After  I>rker.) 


Stickleback,    Om^irrostrus 


limba   LacOpt'dc,  sliowing  greatly  ( 


the  bone  in  question  is  not  a  true  infraclavicle.  It  is  not  identical 
with  the  infrackvicle  of  the  Ganoids,  but  it  is  only  a  backward 
extension  of  the  hypocoracoid,  there  being  no  suture  between 
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the  two  bones.  In  those  species  which  have  bony  plates  in- 
stead of  scales,  this  bone  has  a  deposit  of  bony  substance  or 
ganoid  enamel  at  the  surface.  This  gives  it  an  apparent 
prominence  as  compared  with  other  bones  of  the  skeleton, 
but  it  has  no  great  taxonomic  importance.  Dr.  Hay 
tmites  the  suborders  Hemibraftchii,  Lophobranchii,  and  Hypo- 
stomides  to  form  the  order  Phthinobranchii  {<p0iya?,  waning; 
/Spayxos,  gill),  characterized  by  the  reduction  of  the  gill-arches. 
These  forms  are  really  nearly  related,  but  their  affinities  with 
the  Percesoces  are  so  close  that  it  may  not  be  necessary  to  form 
a  distinct  order  of  the  combined  group.  Boulenger  unites 
the  Hemibranchii  with  Lampris  to  form  a  group,  Catosteomi, 
characterized  by  the  development  of  infraclavicles ;  but  we 
cannot  see  that  Lampris  bears  any  affinity  to  the  stickle- 
backs, or  that  the  presence  of  infraclavicle  has  any  high 
significance,  nor  is  it  the  supposed  infraclavicle  of  Lampris 
homologous  vnth  that  of  the  Hemibranchii.  The  dorsal  fin 
in  the  Hemibranchii  has  more  or  less  developed  spines;  spines 
are  also  present  in  the  ventral  fins.  The  lower  pharyngeals 
are  separated;  there  is  no  air-duct.  The  mouth  is  small  and 
the  bones  of  the  snout  are  often  much  produced.  The  preopercle 
and  symplectic  are  distinct.  The  group  is  doubtless  derived 
from  some  transitional  spiny-rayed  type  allied  to  the  Percesoces. 
The  Lophobranchs,  another  supposed  order,  represent  simply 
a  still  further  phase  of  degradation  of  gills  and  ventral  fins. 
Dr.  Gill  separates  these  two  groups  as  distinct  orders  and 
places  them,  as  aberrant  offshoots,  near  the  end  of  his  series 
of  bony  fishes.  We  prefer  to  leave  them  with  the  other  transi- 
tional forms,  not  regarding  their  traits  of  divergence  as  of  any 
great  importance  in  the  systematic  arrangement  of  families. 

The  Sticklebacks :  Gasterosteidse.  —  The  sticklebacks  (Gaster^ 
osteidco)  are  small,  scaleless  fishes,  closely  related  to  the 
Fistulariidcc  so  far  as  anatomy  is  concerned,  but  with  very 
different  appearance  and  habits.  The  body  often  mailed,  the 
dorsal  is  preceded  by  free  spines  and  the  ventrals  are  each 
reduced  to  a  sharp  spine  with  a  rudimentary  ray.  The  jaws 
are  short,  bristling  with  sharp  teeth,  and  these  little  creatures 
are  among  the  most  active,  voracious,  and  persistent  of  all 
fishes.    They  attack  the  fins  of  larger  fishes,  biting  off  pieces, 
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and  at  the  same  time  they  devour  the  ^gs  of  all  species  acces- 
sible to  them.  In  almost  all  fresh  and  brackish  waters  of  the 
north  temperate  zone  these  little  fishes  abound.  "  It  is  scarcely 
to  be  conceived/*  Dr.  Gunther  observes,  "what  damage  these 
little  fishes  do,  and  how  greatly  detrimental  they  are  to  the 
increase  of  all  the  fishes  among  which  they  live,  for  it  is  with 
the  utmost  industry,  sagacity,  and  greediness  that  they  seek 
out  and  destroy  all  the  young  fry  that  come  their  way." 

The  sticklebacks  inhabit  brackish  and  fresh  waters  of  the 
northern  hemisphere,  species  essentially  alike  beic^  foimd 
throughout  northern  Europe,  Asia,  and  America.  The  same 
species  is  subject  to  great  variation.  The  degree  of  develop- 
ment of  spines  and  bony  plates  is  greatest  in  individuals  living 
in  the  sea  and  least  in  clear  streams  of  the  interior.  Each  of 
the  mailed  species  has  its  series  of  half -mailed  or  even  naked 
varieties  found  in  the  fresh  waters.  This  is  true  in  Etirope, 
New  England,  California,  and  Japan.  The  farther  the  indi- 
viduals are  from  the  sea,  the  less  perfect  is  their  armattu^. 
Thus,  Gasterosteus  cataphracius,  which  in  the  sea  has  a  full 
armature  of  bony  plates  on  the  side,  about  30  in  number,  will 
have  in  river  mouths  from  6  to  20  plates  and  in  strictly  fresh 
water  only  2  or  3  or  even  none  at  all. 

The  sticklebacks  have  been  noted  for  their  nest-building 
habits.  The  male  performs  this  operation,  and  he  is  provided 
with  a  special  gland  for  secretion  of  the  necessary  cement. 
Dr.  Gill  quotes  from  Dr.  John  A.  Ryder  an  account  of  this 
process.  The  secretory  gland  is  a  **  large  vesicle  filled  with  a 
clear  secretion  which  coagulates  into  threads  upon  contact 
with  water.  It  appears  to  open  directly  in  front  of  the  vent. 
As  soon  as  it  is  ruptured,  it  loses  its  transparency,  and  what- 
ever secretion  escapes  becomes  whitish  after  being  in  contact 
with  water  for  a  short  time.  This  has  the  same  tough,  elastic 
qualities  as  when  spxm  by  the  animal  itself,  and  is  also  composed 
of  ntmierous  fibers,  as  when  a  portion  is  taken  that  has  been 
recently  sptm  upon  the  nest.  Thus  provided,  when  the  nuptial 
season  has  arrived  the  male  stickleback  prepares  to  build 
his  nest,  wherein  his  mate  may  deposit  her  eggs.  How  this 
nest  is  built,  and  the  subsequent  proceedings  of  the  stickle- 
backs, have  been  told  us  in  a  graphic  manner  by  Mr.  John  K. 
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Lord,  from  observations  on  Gasterosteus  cataphractus  on  Van- 
couver Island,  although  the  source  of  his  secretion  was  mis- 
understood: 

"The  site  is  generally  amongst  the  stems  of  aquatic  plants, 
where  the  water  always  flows  but  not  too  swiftly.  He  first 
begins  by  carrying  small  bits  of  green  material  which  he  nips 
off  the  stalks  and  tugs  from  out  the  bottom  and  sides  of  the 
bank;  these  he  attaches  by  some  glutinous  material,  that  he 
clearly  has  the  power  of  secreting,  to  the  different  stems  destined 
as  pillars  for  his  building.  During  this  operation  he  swims 
against  the  work  already  done,  splashes  about,  and  seems 
to  test  its  diuability  and  strength;  rubs  himself  against  the 
tiny  kind  of  platform,  scrapes  the  slimy  mucus  from  his  sides 
to  mix  with  and  act  as  mortar  for  his  vegetable  bricks.  Then 
he  thrusts  his  nose  into  the  sand  at  the  bottom,  and,  bringing 
a  mouthful,  scatters  it  over  the  foimdation;  this  is  repeated 
until  enough  has  been  thrown  on  to  weight  the  slender  fabric 
down  and  give  it  substance  and  stability.  Then  more  twists, 
turns,  and  splashings  to  test  the  firm  adherence  of  all  the 
materials  that  are  intended  to  constitute  the  foundation  of 
the  house  that  has  yet  to  be  erected  on  it.  The  nest,  or  nursery, 
when  completed  is  a  hollow,  somewhat  rounded,  barrel-shaped 
structure  worked  together  much  in  the  same  way  as  the  plat- 
form fastened  to  the  water-plants;  the  whole  firmly  glued 
together  by  the  viscous  secretion  scraped  from  off  the  body. 
The  inside  is  made  as  smooth  as  possible  by  a  kind  of  plastering 
system;  the  little  architect  continually  goes  in,  then,  turning 
roimd  and  round,  works  the  mucus  from  his  body  on  to  the 
inner  sides  of  the  nest,  where  it  hardens  like  tough  varnish. 
There  are  two  apertures,  smooth  and  symmetrical  as  the  hole 
leading  into  a  wren's  nest,  and  not  unlike  it. 

**A11  this  laborious  work  is  done  entirely  by  the  male  fish, 
and  when  completed  he  goes  a-wooing.  Watch  him  as  he 
swims  towards  a  group  of  the  fair  sex  enjoying  themselves 
amidst  the  water-plants  arrayed  in  his  best  and  brightest 
livery,  all  smiles  and  amiability;  steadily  and  in  the  most 
approved  style  of  stickleback  love-making  this  young  and 
wealthy  bachelor  approaches  the  object  of  his  affections,  most 
likely  tells  her  all  about  his  hoiise  and  its  comforts,   hints 
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delicately  at  his  readiness  and  ability  to  defend  her  children 
against  every  enemy,  vows  unfailing  fidelity,  and  in  lover  fashion 
promises  as  much  in  a  few  minutes  as  would  take  a  lifetime  to 
fulfill.  Of  course  she  listens  to  his  suit;  personal  beauty, 
indomitable  courage,  backed  by  the  substantial  recommendations 
of  a  house  ready  built  and  fitted  for  immediate  occupation, 
are  gifts  not  to  be  lightly  regarded. 

"Throwing  herself  on  her  side  the  captive  lady  shows  her 
appreciation,  and  by  sxmdry  queer  contortions  declares  herself 
his  true  and  devoted  spouse.  Then  the  twain  return  to  the 
nest,  into  which  the  female  at  once  betakes  herself  and  therein 
deposits  her  eggs,  emerging,  when  the  operation  is  completed, 
by  the  opposite  hole.  During  the  time  she  is  in  the  nest  (about 
six  minutes)  the  male  swims  round  and  round,  butts  and  rubs 
his  nose  against  it,  and  altogether  appears  to  be  in  a  state  of 
defiant  excitement.  On  the  female  leaving,  he  immediately 
enters,  deposits  the  milt  on  the  eggs,  taking  his  departure  through 
the  back  door.  So  far  his  conduct  is  strictly  pure;  but  I 
am  afraid  morality  in  stickleback  society  is  of  rather  a  lax 
order.  No  sooner  has  this  lady,  his  first  love,  taken  her  depart- 
ure, than  he  at  once  seeks  another,  introduces  her  as  he  did 
the  first,  and  so  on,  wife  after  wife,  until  the  nest  is  filled  with 
eggs,  layer  upon  layer,  milt  being  carefully  deposited  betwixt 
each  stratum  of  ova.  As  it  is  necessary  there  should  be  two 
holes,  by  which  ingress  and  egress  can  be  readily  accomplished, 
so  it  is  equally  essential  in  another  point  of  view.  To  fertilize 
fish-eggs,  running  water  is  the  first  necessity;  and,  as  the  holes 
are  invariably  placed  in  the  direction  of  the  current,  a  steady 
stream  of  water  is   thus  directed  cn'or  them." 

To  the  genus  Gasterostens  the  largest  species  belong,  those 
having  three  dorsal  spines,  and  the  body  typically  fully  covered 
with  bony  plates.  Gastcrostcits  aculeatiis  inhabits  both  shores  of 
the  Atlantic  and  the  scarcely  different  Gastcrosteus  catapJiracins 
swarms  in  the  inlets  from  southern  California  to  Alaska,  Siberia, 
and  northern  Japan.  Half-naked  forms  have  been  called  by 
various  names  and  one  entirely  naked  in  streams  of  southern 
California  is  named  Gasterostens  williamsoni.  Its  traits  are, 
however,  clearly  related  to  its  Hfe  in  fresh  waters. 

In  Pygosteus  pungitius,  a  type  of  almost  equally  wide  range. 
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there  are  nine  or  ten  dorsal  spines  and  the  body  is  more  slender. 
All  kinds  of  waters  of  the  north  on  both  continents  may  yield 


Fig.  351.— Three-spbed  Stickleback.  Gasleroatcus  acaUatus  L.     Woodb  Hole,  Mass. 


this  species  or  its  allies  and  variations,  mailed  or  naked.  The 
naked,  Apeltes  quadracns,  is  found  in  the  sea  only,  along  the 
New  England  coast. 

Eucalia  inconstans  is  the  stickleback  of  the  clear  brook 
from  New  York  to  Indiana  and  Minnesota.     The  male  is  jet 


no. 


■Four-spined Stickleback,. ■Ipe/'fs^uaifraCTis  Mitchill.    Woods  Hole, Mass 


black  in  spring  with  the  sheen  of  burnished  copper  and  he  is 
intensely  active  in  his  work  of  protecting  the  eggs  of  his  own 
species  and  destroying  the  eggs  and  fry  of  others.  Spinachia 
sfHitachia  is  a  large  sea  stickleback  of  Europe  with  many  dorsal 
spines. 

No  fossil  Gaslerosteidtr  are  recorded,  and  the  family,  while 
the  least  specialized  in  most  regards,  is  certainly  not  the  most 
primitive  of  the  suborder. 

The  Aulorhynchidse.  —  Closely  related  to  the  sticklebacks  is 
the  small  family  of  Aulorhynchtda;.  with  four  soft  rays  in  the 
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ventral  fins.  Aulorhynchus,  like  Spinachia,  has  many  dorsal 
spines  and  an  elongate  snout  approaching  that  of  a  tnimpet- 
fish.  Aulorhynchus  flavidus  lives  on  the  coast  of  California 
and  Aulichthys  japonicus  in  Japan.  The  extinct  family  of  Pro- 
tosyngnathidcB  is  near  Aulorhynchus,  with  the  snout  tubular,  the 
ribs  free,  not  anchylosed  as  in  Aulorhynchus,  and  with  the  first 
vertebrae  fused,  forming  one  large  one  as  in  Aulostomus.  Proto- 
syngnathus  smnatrensis  occurs  in  Sumatra.  Protaulopsis  bolcensis 
of  the  Eocene  of  Italy  has  the  ventral  fins  farther  back,  and  is 
probably  more  primitive  than  the  sticklebacks. 

Comet-fishes:  Fistulariidae.  —  Closely  related  to  the  stickle- 
backs so  far  as  structure  is  concerned  is  a  family  of  very  dif- 
ferent habit,  the  comet-fishes,  or  cornetas  {FistulariidcB) .  In 
these  fishes  the  body  is  very  long  and  slender,  like  that  of  a 
garfish.  The  snout  is  produced  into  a  very  long  tube,  which 
bears  the  short  jaws  at  the  end.  The  teeth  are  very  small. 
There  are  no  scales,  but  bony  plates  are  sunk  in  the  skin.  The 
ventrals  are  abdominal,  each  with  a  spine  and  four  rays.  The 
four  anterior  vertebrae  are  very  much  elongate.  There  are 
no  spines  in  the  dorsal  and  the  backbone  extends  through  the 
forked  caudal,  ending  in  a  long  filament.  The  comet-fishes 
are  dull  red  or  dull  green  in  color.  They  reach  a  length  of 
two  or  three  feet,  and  the  four  or  five  known  species  are  widely 
distributed  through  the  warm  seas,  where  they  swim  in  shallow 
water  near  the  surface.  Fistularia  tabaccaria,  the  tobacco- 
pipe  fish,  is  common  m  the  West  Indies,  Fistularia  petimba, 
F.  serratay  and  others  in  the  Pacific.  A  fossil  cornet-fish  of  very 
small  size,  Fistularia  longirostris,  is  known  from  the  Eocene 
of  Monte  Bolca,  near  Verona.  Fistularia  ka^nigi  is  recorded 
from  the  Oligocene  of  Glarus. 

The  Trumpet-fishes:  Aulostomidae. — The  Atdostomidcv,  or  trum- 
pet-fishes are  in  structure  entirely  similar  to  the  Fistu- 
lariidcBy  but  the  body  is  band-shaped,  compressed,  and  scaly, 
the  long  snout  bearing  the  feeble  jaws  at  the  end.  There 
are  numerous  dorsal  spines  and  no  filament  on  the  tail. 
Aulostomus  chinensis  {maculatus)  is  common  in  the  West  Indies, 
Aulostomus  valentini  abounds  in  Polynesia  and  Asia,  where 
it  is  a  food-fish  of  moderate  importance.  A  species  of  Atdosto- 
mus  (bolcensis)  is  foimd  in  the  Italian  Eocene.     Allied  to  it  is 
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the  extinct  family  UrosphenidtB,  scaleless,  but  otherwise  similar. 
Urosphen  dubia  occurs  in  the  Eocene  at  Monte  Bolca.     Vrosphen 


Fio.  803. — Tnimpet-fish,  Ajdottomut  chinenti*  (L.)     Virginia. 

is  perhaps  the  most  primitive  genus  of  the  whole  suborder  of 
Hemibranchii. 

The  SnipefisheB:  Hacrorhamphosidse. — Very  remarkable  fishes 
are  the  snipefishes,   or    Macrorhamphosidce.      In    these   forms 
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the  snout  is  still  tubular,  with  the  short  jaws  at  the  end.  The 
body  is  short  and  deep,  partly  covered  with  bony  plates.  The 
dorsal  has  a  very  long  serrated  spine,  besides  several  shorter 
ones,  and  the  ventral  fins  have  one  spine  and  five  mys. 

The  snipefish,  or  woodcock-fish,  Macrorhatnpkosus  scolopax, 
is  rather  common  on  the  coasts  of  Europe,  and  a  very  similar 
species  {M.  sagifue)  occurs  in  Japan.  The  Rhamphosidw,  re- 
presented by  RhamphosHS,  an  extinct  genus  with  the  ventrals 
further  forward,  are  found  in  the  Eocene  rocks  of  Monte 
Bolca.  Rhamphosus  vasirum  has  minute  scales,  short  dorsal, 
and  the  snout  greatly  attenuate. 

The  airimp-flshes:  CentriscidsE. — One  of  the  most  extraor- 
dinary types  of  fishes  is  the  small  family  of  Cenlriscida,  found 
in  the  East  Indies.  The  back  is  covered  by  a  transparent 
bony  cuirass  which  extends  far  beyond  the  short  tail,  on  which 
^e  two  dorsal  fins  are  crowded.    Anteriorly  this  cuirass  is 
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composed  of  plates  which  are  soldered  to  the  ribs.    The  small 
toothless  mouth  is  at  the  end  of  a  long  snout. 


Fig.  855. — Shrimp-fish,  jEoliacua  strigatus  (Giinther).     Riu  Kiu  Islands,  Japan. 

These  little  fishes  with  the  transparent  carapace  look  very 
much  like  shrimps.  Centriscus  scutatus  {Amphisile)  with  the 
terminal  spine  fixed  is  found  in  the  East  Indies,  and  ^oliscus 
strigatus  with  the  terminal  spine  movable  is  fotmd  in  southern 
Japan  and  southwards. 

A  fossil  species,  /Eoliscus  heinrichi,  is  foimd  in  the  Oligocene 


Fig.  856. — ^oliacus  heinrichi^^ckeX.    Eocene  of  Carpathia.     Family  Cen/mcute. 

(After  Heckel.) 

of  various  parts  of  Europe,  and  Centriscus  longirostris  occurs 
in  the  Eocene  of  Monte  Bolca. 

In  the  Centriscidco  and  Macrorhamphosidco  the  expansions 
:of  the  hypocoracoid  called  infraclavicles  are  not  developed. 

The  Lophobranchs.  —  The  suborder  Lophobranchii  {\o(p6?, 
tuft;  ppayxoz,  gill)  is  certainly  an  offshoot  from  the  Hemi- 
branchii  and  belongs  likewise  among  the  forms  transitional 
from  soft  to  spiny-rayed  fishes.  At  the  same  time  it  is  a 
degenerate  group,  and  in  its  modifications  it  turns  directly 
away  from  the  general  line  of  specialization. 

The  chief  characters  are  found  in  the  reduction  of  the  gills 
to  small  lobate  tufts  attached  to  rudimentary  gill-arches.  The 
so-called  infraclavicles  are  present,  as  in  most  of  the  Hcmi- 
branchii.  Bony  plates  united  to  form  rings  take  the  place  of 
scales.  The  long  tubular  snout  bears  the  short  toothless  jaw^s  at 
the  end.  The  preopercle  is  absent,  and  the  ventrals  are  seven- 
rayed  or  wanting.  The  species  known  as  pii)efishes  and  sea-horses 
are  all  very  small  and  none  have  any  economic  value.     They  are 
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numerous  in  all  warm  seas,  mostly  li\dng  in  shallow  bays  among 
seaweed  and  eel-grass.  The  muscular  system  is  little  developed 
and  all  the  species  have  the  curious  habit  of  carrying  the  eggs 
imtil  hatched  in  a  pouch  of  skin  under  the  belly  or  tail ;  this 
structure  is  usuallv  found  in  the  male. 

The  Solenostomidse.  —  The  SolenostomidcB  of  the  East  Indies 
are  the  most  primitive  of  these  fishes.  They  have  the  body 
rather  short  and  provided  with  spinous  dorsal,  and  ventral 
fins.  The  pretty  species  are  occasionally  swept  northward  to 
Japan  in  the  Black  Current.  Solenostomus  cyanopterus  is  a 
characteristic  species.  Solenorhynchus  elegans,  now  extinct 
(with  the  trunk  more  elongate),  preceded  Solenostomus  in  the 
Eocene  of  Monte  Bolca. 

The  Pipefishes:  Syngnathidse. — The  Syngnathidw  are  very  long 
and  slender  fishes,  with  neither  spinous  dorsal,  nor  ventral 
fins,  the  body  covered  by  bony  rings.  Of  the  pipefish, 
Syngftathiis,  there  are  very  many  species  on  all  northern  coasts. 
Syngnathns  aciis  is  common  in  Europe,  Syngnathus  fiiscum 
along  the  New  England  coast,  Syngnathus  californiense  in 
California,  and  Syngnathus  schlegeli  in  Japan.  Nimierous 
other  species  of  Syng}tathns  and  other  genera  are  foimd  further 
south  in  the  same  regions.  Corythroichthys  is  characteristic 
of  coral  reefs  and  Microphis  of  the  streams  of  the  islands  of 
Polynesia.  In  general,  the  more  northerly  species  have  the 
greater  number  of  vertebrae  and  of  bony  rings.  Tiphle  tiphle 
is  a  large  pipefish  of  the  Mediterranean.  This  species  was 
preceded  by  Tiphle  albyi  (Sipho)iostotna)  in  the  Miocene  of 
Sicily.  Other  pipefishes,  referred  to  as  Syngnathus  and  Cala- 
mostonia,  are  foimd  as  fossils  in  Tertiary  rocks. 

The  Sea-horses:  Hippocampus. — Both  fossil  and  recent  forms 
constitute  a  direct  line  of  connection  from  the  pipe-fishes  to  the 
sea-horses.  In  the  latter  the  head  has  the  form  of  the  head 
of  a  horse.  It  is  bent  at  right  angles  to  the  body  like  the  head 
of  a  knight  at  chess.  There  is  no  caudal  fin,  and  the  tail  in 
typical  species  is  coiled  and  can  hardly  be  straightened  out. 
Calamostonta  of  the  Eocene,  Gasterotokcus  of  Polynesia,  and 
Acentronura  of  Japan  are  forms  which  connect  the  true  sea- 
horses with  the  pipefish.  Gasterotokcus  has  the  long  head 
and  slender  body  of  the  pipefish,  with  the  prehensile  finless 
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tail  of  a  sea-horse.  Most  of  the  living  species  of  the  sea-horse 
belong  to  the  genus  Hippocampus.  These  little  ci-eatures 
have  the  egg-sac  nf  tlie  male  under 
the  abilomeii.  They  range  from 
two  inches  to  a  f(Kit  in  length  and 
some  of  tlic  many  sjieL-ics  may  be 
found  in  abundance  in  every  warm 
sea.  Some  cling  by  the  tails  to 
floating  seaweed  and  are  swept  to 
great  disUmccs ;  others  ding  to  eel- 
grass  and  live  very  near  the  shore. 
The  c.'<nnmonest  Kuroj>ean  sjiecies 
is  Hippocampus  hipp'inwipiis.  Most 
abundant  fin  fiur  Atlantic  coast  is 
Hippocampus  fmdvmius.  ffippo- 
campus  cornnatus  is  most  rr)Tnmon 
in  J.'ipfin.  Thf!  l.'irgfst  s^wv-ies,  ton 
inches  U'ng,  ;iro  Hippncampn^  in- 
tern 'if  lyi'.Vff  f^'dirV.rni.'i  .-md  kirl- 
U'Zzi  in_f,-ip;in.  Afmy  sppfif;-;.  (s- 
pf^ciially  '■■f  tho  sm.'illr^r  onrs,  hrive 
the  spinfs  'li  *'nf  riony  pbtL^s  of  the 
ho'lv  f^nrlin^r  in  ilr-^hy  llrjw     These 


ar-r  ^I'lmelim's 
simulnte   icrrv'. 


■-if     -ICT 
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PkyUopteryx  eques.  .-i  p!p*<f]^h  '^t 
Xo  fossil  sea-horses  rir*^  '.^n'-.'.vn 
The  following  acrormt  I'lt  'i,''  'nropd; 
sea-horse  iHippocimpu-;  .■.•-■^!''r'i' .    -.'--is 
for  a  book  of  children's  -;t-',r;'^s: 

"He  was  a  little  nit  ■-■''  t  -I'Ti-hors^  . 
campus.  He  was  not  more  'h'm  'in 
red  stripe  on  the  fin  on  hi<5  '-.nrk.  -ird  h 
aod  it  had  ashane  just  !ike  n  'rr^r^f'-  ; 
point  at  his  tail,  and  his  Vad  irrl  r-s 
bane.     He  lived  in  the  Ornnd  I.ngf.oTi 


iK-liabits  of  '■ 


'■    li-.'l    : 
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where  the  water  is  shallow  and  warm  and  there  are  lots  of 
seaweeds.  So  he  wound  his  tail  around  a  stem  of  seaweed 
and  hung  with  his  head  down,  waiting  to  see  what  would  happen 
next,  and  then  he  saw  another  little  sea-horse  hanging  on 
another  seaweed.  And  the  other  sea-horse  jnit  out  a  lot  of 
little  eg^,  and  the  little  eggs  all  lay  on  the  bottom  of  the  sea 
at  the  foot  of  the  seaweed.  So  Hippocampus  crawled  down 
from  the  seaweed  where  he  was  and  gathered  up  all  those  little 
eggSy  and  down  on  the  under  side  of  his  tail  where  the  skin  is 
soft  he  made  a  long  slit  for  a  pocket,  and  then  he  stuffed  all 
the  eggs  into  this  pocket  and  fastened  it  together  and  stuck  it 
with  some  slime.  So  he  had  all  the  other  sea-horse's  eggs  in 
his  own  pocket. 

**  Then  he  went  up  on  the  seawrack  again  and  twisted  his 
tail  around  it,  and  hung  there  with  his  head  down  to  see  what 
would  happen  next.  The  sun  shone  down  on  him,  and  by  and 
by  all  the  little  eggs  began  to  hatch  out,  and  each  one  of  the 
eggs  was  a  little  sea-pony,  shaped  just  like  a  sea-horse.  And 
when  he  hung  there  with  his  head  down  he  could  feel  all  the 
little  sea-ponies  squirming  inside  his  pocket,  and  by  and  by 
they  squirmed  so  much  that  they  pushed  the  pocket  open, 
and  then  every  one  crawled  away  from  him,  and  he  couldn't  get 
them  back,  and  so  he  went  along  with  them  and  watched  to 
see  that  nothing  should  hurt  them.  And  by  and  by  they  himg 
themselves  all  up  on  the  seaweeds,  and  they  are  hanging  there 
yet.  And  so  he  crawled  back  to  his  own  piece  of  seaweed  and 
twisted  his  tail  around  it,  and  waited  to  see  what  would  happen 
next.  And  what  happened  next  was  just  the  same  thing  over 
again.** 

Suborder  H3rpostomides,  the  Sea-moths:  Pegasid®. — ^The  small 
suborder  of  Hypostomides  {vno,  below;  arofxay  mouth)  con- 
sists of  the  family  of  PegasidcB.  These  **  sea-moths  **  are 
fantastic  little  fishes,  probably  allied  to  the  sticklebacks,  but 
wholly  unique  in  form.  The  slender  body  is  covered  with 
bony  plates,  the  gill-covers  are  reduced  to  a  single  plate.  The 
small  mouth  underneath  a  long  snout  has  no  teeth.  The  pre- 
opercle  and  the  symplectic  are  both  wanting.  The  ventrals- 
are  abdominal,  formed  of  two  rays,  and  the  very  large  pec- 
toral fin  is  placed  horizontally  like  a  great  wing. 
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The  species,  few  in  number,  known  as  sea-moths  and  sea- 
dragons,  rarely  exceed  four  inches  in  length.     They  are  found 


in  the  East  Indies  and  drift  with  the  currents  northward  to 
Japan.  The  genera  are  Pegasus,  Parapegasus,  and  Zalises. 
The  best-known  species  are  Zalises  draconis  and  Pegasus  volt- 
tans. 

No  fossil  species  of  Pegasid<B  are  known. 


CHAPTER  XXIX 

SALMOPERC^  AND  OTHER  TRANSITIONAL 
GROUPS 

[  UBORDER   Salmoperes,  tlie  Trout-perches:   Percopsidae. 

—More  ancient  than  the  Hemibranckii,  and  still  more 
distinctly  in  the  line  of  transition  from  soft-rayed  to 
spiny-rayed  fishes,  is  the  small  suborder  of  Salmopercai.  This 
is  characterized  by  the  presence  of  the  adipose  fin  of  the  salmon. 


Fia.  860. — Sand-roller  Pecropis  gullal  la  ^rhs.  z  Okolwj  Lake,  la. 
in  connection  with  the  mouth,  scales,  and  fin-spines  of  a  perch. 
The  premaxillary  forms  the  entire  edge  of  the  upper  jaw,  the 
maxillary  being  without  teeth.  The  air-bladder  retains  a 
rudimentary  duct.  The  bones  of  the  heiid  are  full  of  mucous 
cavities,  as  in  the  European  perch  called  Gymnocephalns  and 
Acerina.  There  are  two  spines  in  the  dorsal  and  one  or  two 
in  the  anal,  while  the  abdominal  ventrals  have  each  a  spine  and 
eight  rays.  Two  species  only  are  known  among  living  fishes, 
these  emphasizing  more  perfectly  than  any  other  known  forms 
the  close  relation  really  existing  between  spinous  and  soft- 
rayed  forms.  The  single  family  of  Percopsid<e  would  seem  to 
find  its  place  in  Cretaceous  rocks  rather  than  in  the  waters  of 
to-day. 

4S6 


Salmopercae  and  Other  Transitional  Groups     457 

Percopsts  guttata,  the  tnjut-perch  or  sand-TX)ller  of  the  Great 
Lakes,  is  a  pale  translucent  fish  with  dark  spots,  reaching  a 
length  of  six  inches.  It  abounds  in  the  Great  Lakes  and  their 
tributaries  and  is  occasionally  found  in  the  Delaware,  Ohio, 


UmfttiUa 


Kansas,  and  other  rivers  and  northwestward  as  far  as  Medi- 
cine Hat  on  the  Saskatchewan.  It  is  easily  taken  with  a  hook 
from  the  piers  at  Chicago. 

Columbia  transmontana  is  another  little  fish  of  similar  type, 
but  rougher  and  more  distinctly  perch-like.  It  is  found  in 
sandy  or  weedy  lagoons  throughout  the  lower  basin  of  the 
Columbia,  where  it  was  first  noticed  by  Dr.  Eigenmann  in  1892. 


Via.  itH.—Eriamatopltnu  mdlicheri  Cope.    Green  River  Eocene.     (After  Cope.) 

From  the  point  of  view  of  structure  and  classification,  this 
lett-over  form  is  one  of  the  most  remarkable  of  American  fishes. 
Erismatopterida. — Here  should  perhaps  be  placed  the  family  of 
ErisntatopteridtB,  represented  by  Erismalopterus  levaius  and  other 
species  of  the  Green  River  Eocene  shales.     In  Erismatopterus  the 
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short  dorsal  has  two  or  three  spines,  there  are  two  or  three 
spines  in  the  anal,  and  the  abdominal  ventrals  are  opposite 
the    dorsal.       AlUed   to   Eris- 
matopterus   is    A  mphiplaga    of 
the  same  deposits. 

We  cannot,  however,  feel 
sure  that  these  extinct  frag- 
ments, however  well  preserved, 
belonged  to  fishes  having  an 
adipose  fin.  Among  spiny- 
rayed  fishes  the  Percopsid<B 
alone  retain  this  character,  and 
the  real  affinities  of  Erisma- 
topterus  may  be  with  Aphredo- 
deridce  and  other  percoid 
forms. 

The  relations  of  the  extinct 
family  of  Asineopidm  are  also 
still  uncertain.  This  group 
comprises  fresh-water  fishes 
said  to  be  allied  to  the  Aphre- 
doderidcB,  but  with  the  pelvic 
bones  not  forked.  Asineops 
pauciradiata,  squatnifrotis  and 
viridensis  are  described  from 
the  Green  River  shales.  With 
Erismatopterus  all  these  fishes 
may  belong  to  the  suborder 
of  Saltnopercfs,  but,  as  above 
stated,  the  possession  of  the  adipose  fin,  the  most  characteristic 
trait  of  the  Salmoperca,  cannot  be  verified  in  the  fossil  remains. 

Suborder  Selenichthyes,  the  Opahs :  Lamprididse. — We  may  bring 
together  as  constituting  another  suborder  certain  forms  of  uncer- 
tain relationship,  but  whicli  seem  to  be  transitional  between 
deep-bodied  extinct  Ganoids  and  tlic  forms  allied  to  Platax, 
Zeus,  and  Antigonia.  The  name  oi Selenichthyes  (ai/Xi'/y>/,  moon; 
i^fu?,  fish)  is  suggested  by  Boulenger  for  the  group  of  opahs, 
or  moonfishes.  These  are  characterized  by  the  highly  com- 
body,  the  great  development    of  a    large    hypocora- 


Fiij.  363  —Shoulder-girdle  of  the  Opah, 
Lampris  gultnliig  (llrumiich),  showing 
the  enlarged  iiifracluvicle.  (After 
Boulenger.) 
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cold,  and  especially  by  the  structure  of  the  ventral  fins, 
which  are  composed  of  about  fifteen  rays  instead  of  the  one 
spine  and  five  rays  characteristic  of  the  specialized  perch- 
like fishes.  The  living  forms  of  this  type  are  further  char- 
acterized by  the  partial  or  total  absence  of  the  spinous 
dorsal,  by  the  small  oblique  mouth,  and  the  prominence  of 
the  ventral  curve  of  the  body.  A  thorough  study  of  the 
osteology  of  these  forms  living  and  fossil  will  be  necessary 
before  the  group  can  be  properly  defined.  The  large  bone 
above  mentioned  was  at  first  considered  by  Boulenger  as 
the  interclavicle  or  infraclavicle,  the  hypocoracoid  being  re- 
garded by  him  as  displaced,  lying  with  the  actinosts.  But  it 
is  certain,  from  the  studies  of  Mr.  Starks,  that  this  bone  is  the 
real  hypocoracoid,  which  in  this  case  is  simply  exaggerated  in 
size,  but  placed  as  in  ordinary  fishes. 

The  single  living  family,  LamprididcB,  contains  but  one  species, 
Lampris  guttatus,  known  as  opah,  moonfish,  mariposa,  cravo, 
Jerusalem  haddock,  or  San  Pedro  fish.  This  species  reaches  a 
length  of  six  feet  and  a  weight  cf  500  to  600  poimds.  Fig.  84 
is  taken  from  a  photograph  of  an  example  weighing  317.V  pounds 
taken  near  Honolulu  by  Mr.  E.  L.  Bemdt.  The  body  is  almost 
as  deep  as  long,  plump  and  smooth,  without  scales  or  bony 
plates.  The  vertebrae  are  forty-five  in  number,  and  the  large 
ventrals  contain  about  fifteen  rays.  The  dorsal  is  without 
spines,  the  small  mouth  without  teeth.  The  color  is  a  **rich 
brocade  of  silver  and  lilac,  rosy  on  the  belly,  everywhere  with 
round  silvery  spots.**  The  head  and  back  have  ultramarine 
tints,  the  jaws  and  fins  are  vermilion.  On  a  drawing  of  this 
fish  made  at  Sable  Island  in  1856,  Mr.  James  Farquhar  wrote 
(to  Dr.  J.  Bernard  Gilpin):  **Just  imagine  the  body,  a  beau- 
tiful silver  interspersed  with  spots  of  a  lighter  color  about  the 
size  of  sixpence,  the  eyes  very  large  and  brilliant,  with  a  golden 
ring  around  them.  You  will  then  have  some  idea  of  the  splen- 
did appearance  of  the  fish  when  fresh.  If  Caligula  had  seen 
them  I  might  have  realized  a  fortune.** 

The  skeleton  of  the  opah  is  very  firm  and  hea\y.  The 
flesh  is  of  varying  shades  of  salmon-red,  tender,  oily,  and  of 
a  rich,  exquisite  flavor  scarcely  surpassed  by  any  other  fish 
whatsoever. 
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The  opah  is  a  rare  fish,  swimming  slowly  near  the  surface  and 
ranging  very  widely  in  all  the  warm  seas.  It  was  first  noticed 
in  Norway  by  Gtmner,  the  good  bishop  of  Throndhjem,  about 
1780.  It  was  soon  after  recorded  from  Elsinore,  Torbay,  and 
Madeira,  and  is  occasionally  taken  in  various  places  in  Europe. 
It  is  also  recorded  from  Newfoimdland,  Sable  Island,  Cuba, 
Monterey,  San  Pedro  Point  (near  San  Francisco),  Santa  Cata- 
Una,  Honolulu,  and  Japan. 

The  specimen  studied  by  the  writer  came  ashore  at  Mon- 
terey in  an  injured  condition,  having  been  worsted  in  a  struggle 
with  some  better-armed  fish. 

Allied  to  Lampris  is  the  imposing  extinct  species  known  as 
Semiophorus  velifer  from  the  Eocene  of  Monte  Bolca  near  Ve- 
rona, the  type  of  the  extinct  family  of  Semiophoridce.  This  is 
a  deep  compressed  fish,  with  very  high  spinous  dorsal  and 
very  long,  many-rayed  ventrals.  Other  related  species  are 
known  also  from  the  Eocene.  There  is  no  evidence  of  any 
close  relation  between  these  fishes  with  Caranx  or  Platax,  with 
which  Woodward  associates  Semiophorus. 

The  Semiophoridce  differ  from  the  Lamprididcu  chiefly  in  the 
development  of  the  spinous  dorsal  fin,  which  is  composed  of 
many  slender  rays. 

Suborder  2eoidea.  —  Not  far  from  the  Selentchthyes  and 
the  Berycoidei  we  may  place  the  singular  group  of  John 
Dories,  or  zeoid  fishes.  These  have  the  ventral  fins  thoracic 
and  many-rayed,  the  dorsal  fin  provided  with  spines,  and  the 
post-temporal,  as  in  the  CJuctodontidcc ,  fused  with  the  skull. 
Dr.  Boulenger  calls  attention  to  the  close  relation  of  these 
fishes  to  the  flounders,  and  suggests  the  possible  derivation  of 
both  from  a  synthetic  type,  the  Ampliisiiidcc,  found  in  the 
European  Eocene.  The  Ampliisiiidcc,  Zcidce,  and  flounders 
are  united  by  him  to  form  the  group  or  suborder  Zeorhombi, 
characterized  by  the  thoracic  ventrals,  which  have  the  rays 
not  I,  5  in  number,  by  the  progressive  degeneration  of  the  fin- 
spines  and  the  progressive  twisting  of  the  cranium,  bringing 
the  two  eyes  to  the  same  side  of  the  head.  It  is  not  certain 
that  the  flounders  are  really  derived  from  Zeus-like  fishes,  but 
no  other  guess  as  to  their  origin  has  more  elements  of  proba- 
bility. 
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We  may,  however,  regard  the  Zeoidea  on  the  one  hand  and 
the  Heterosomata  on  the  other  as  distinct  suborders.      This  is 


FiQ.  BBC. — AtnphistiuTn  paradiixuni   Agiisaix.     Upper  Eocene,  (Supposed  ancestor 
of  Ihe  flounders).     (Alter  Boulciiger.) 

certain,  that  the  flounders  are  descended  from  spiny-rayed 
forms  and  that  they  have  no  affinities  with  the  codfishes. 

Amphistiidfe. — The  A  inphisHida;,  now  extinct,  are  deep-bodied, 
compressed  fishes,  with  long,  continuous  dorsal  and  anal  in  which 
a  few  of  the  anterior  rays  are  simple,  slender  spines  scarcely 
differentiated  from  the  soft  rays.  The  form  of  body  and  the 
structure  of  the  fins  are  essentially  as  in  the  flounders,  from  which 
they  difter  chiefly  by  the  symmetry  of  the  head,  the  eyes  being 
normally  placed.  Amphislinm  panuloxiim  is  described  by  Agas- 
siz  from  the  upper  Eocene.  It  occurs  in  Italy  and  France. 
In  its  dorsal  and  anal  fins  tlicre  arc  about  twenty-two  rays, 
the  first  three  or  four  undivided.  The  teeth  are  minute  or 
absent  and  there  is  a  high  supraoccipital  crest. 

The  John  Dories:  Zetdie.  —  The  sinjjular  family  of  Zcidtr, 
or  John  Dories,  agrees  with  Cha^todonts  in  the  single  char- 
acter of  the  fusion  of  the  post-temporal  with  the  skull.  The 
species,  however,  diverge  widely  in  other  regards,  and  their 
ventral  fins  are  essentially  those  of  the  Berycoids.  In  all  the 
species  there  are  se\'en  to  nine  soft  rays  in  the  ventral  fins,  as 
in  the  Berycoid   fishes.     Probably  the  character  of  the  fused 
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post  temporal  has  been  independently  derived.  The  anterior 
vertebrae  in  Zeus,  as  in  ChcBtodon,  are  closely  crowded  together. 
In  the  Zeid<B  the  spinous  dorsal  is  well  developed,  the  body 
naked  or  with  very  thin  scales,  and  provided  with  bony  warts 
at  least  around  the  bases  of  dorsal  and  anal  fins.  The  species 
are  mostly  of  small  size,  silvery  in  color,  living  in  moderate 
depths  in  warm  seas.  The  best-known  genus  is  Zeus,  which  is 
a  group  of  shore-fishes  of  the  waters  of  Asia  and  Europe.  The 
common  John  Dory  (called  in  Germany  Harings-Konig,  or 
king  of  the  herrings),  Zeus  faber,  aboimds  in  shallow  bays  on 
the  coasts  of  Europe.  It  reaches  a  length  of  nearly  a  foot, 
and  is  a  striking  feature  of  the  markets  of  southern  Europe. 
The  dorsal  spines  are  high,  the  mouth  large,  and  on  the  sides 
is  a  black  ring,  said  by  some  to  be  the  mark  of  the  thumb  of 
St.  Peter,  who  is  reported  to  have  taken  a  coin  from  the  mouth 
of  this  species.  A  black  spot  on  several  other  species  is  asso- 
ciated with  the  same  legend. 

On  the  coasts  of  Japan  aboimds  the  Matao,  or  target-fish 
(Zeus  japonicus),  very  similar  to  the  European  species  and 
like  it  in  form  and  color.  Zenopsis  nehulosa  and  Zen  ilea  also 
occur  on  the  coasts  of  Japan.  The  remaining  Zeidce  (Cytttts, 
Zenopsis,  Zenion,  etc.)  are  all  rare  species  occasionally  dredged 
especially  in  the  Australian  region.  Zeus  prise  us  is  recorded 
from  the  Tertiary,  and  Cyttoides  glaronensis  from  the  upper 
Eocene  of  Glavus. 

Grammicolepidae. — The  Grammicolepidcu,  represented  by  a 
single  species,  Grammicolepis  brachiusculns,  rarely  taken  off  the 
coast  of  Cuba,  is  related  to  the  Zeidce.  It  has  rough,  ridged, 
parchment-like  scales  deeper  than  long.  The  ventrals  are 
thoracic,  with  the  rays  in  increased  number,  as  in  Zeus  and 
Beryx,  with  each  of  which  it  suggests  affinity. 


CHAPTER  XXX 


BERYCOIDEI 


jgjHE  Berycoid  Fishes.  —  We  may  place  in  a  separate 
order  a  group  of  fishes,  mostly  spiny-rayed,  which 
appeared  earlier  in  geological  time  than  any  other 
of  the  spinous  forms,  and  which  in  several  ways  represent  the 
transition  from  the  isospondylous  fishes  to  those  of  the  type  of 
the  mackerel  and  perch.  In 
the  berycoid  fishes  the  ventral 
fins  are  always  thoracic,  the 
number  of  rays  almost  always 
greater  than  I,  5,  and  in  all 
cases  an  orbitosphenoid  bone 
is  developed  in  connection 
with  the  septum  between  the 
orbits  above.  This  bone  is 
found  in  the  Isospondyli  and 
other  primitive  fishes,  but  ac- 
cording to  the  investigations 
of  Mr.  E.  C.  Starks  it  is  wanting  in  all  percoid  and  scombroid 
forms,  as  well  as  in  the  Haplomi  and  in  all  the  higher  fishes. 
This  trait  may  therefore,  among  thoracic  fishes,  be  held  to  define 
the  section  or  suborder  of  Berycoidei. 

These  fishes,  most  primitive  of  the  thoracic  types,  were  more 
abundant  in  Cretaceous  and  Eocene  times  than  now.  The 
possession  of  an  increased  number  of  soft  rays  in  the  ventral 
fins  is  archaic,  although  in  one  family,  the  Monocentridte,  the 
number  is  reduced  to  three.  Most  of  the  living  Berycoidei 
retain  through  life  the  archaic  duct  to  the  air-bladder  char- 
acteristic of  most  abdominal  or  soft-rayed  fishes.  In 
however,  the  duct  is  lost.  For  the  first  time  in  the  f 
the  number  of  twenty-foiir  vertebrse  appears.     In  1 


Fm.  367.— Skull  ot  a  Berycoid  fish,  Beryx 
tptenderui  Ciiv.  tc  Val.,  Bhowing  the  or- 
bitosphenoid (OS),  cliaracterisUc  of  all 
Berycoid  fiahes. 
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rayed  fishes  of  the  tropics,  of  whatever  family,  this  number  is 
retained. 

In  every  case  spines  are  present  in  the  dorsal  fin,  and  in 
certain  cases  the  development  of  the  spinous  dorsal  surpasses 
that  of  the  most  extreme  perch-like  forms.  In  geological 
times  the  Berycoids  preceded  all  other  perch-like  fishes.  They 
are  probably  ancestral  to  all  the  latter.  All  the  recent  species, 
in  spite  of  high  specialization,  retain  some  archaic  characters. 

The  AUonsinos:  Berycidee. — The  typical  family,  Berycids,  is 
composed  of  fishes  of  rather  deep  water,  bright  scarlet  or 
black  in  color,  with  the  body  short  and  compressed,  the  scales 
varying  in  the  different  genera.  The  single  dorsal  fin  has  a 
few  spines  in  front  and  there  are  no  barbels.  The  suborbi- 
tals are  not  greatly  developed 

The  species  of  Bcryx  called  in  Spanish  Alfottsino,  Beryx 
ctegans  and  Beryx  dccadaclylus   are  widely  distributed  at  mod- 
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erate  depths,  the  same  species  being  recorded  from  Portugal, 
Madeira,  Cuba,  the  Gulf  Stream,  and  Japan,  The  colors  are 
very  handsome,  being  scarlet  with  streaks  of  white  or  golden. 
These  fishes  reach  the  length  of  a  foot  or  more  and  are  valued 
as  food  where  sufficiently  common. 

Numerous  species  of  Bcryx  and  closely  allied  genera  are 
found  in  all  rocks  since  Cretaceous  times;  Bcryx  dalmaticus, 
from  the  Cretaceous  of  Dalniatia,  is  perhaps  the  earliest,  Bcryx 
inscidptus    is    found    in    New    Jersey,   but  no  other  Berycoids 
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are  yet  known  as  fossils  from  North  America.  Sphenocephaltis, 
with  four  anal  spines,  is  found  in  the  chalk,  as  are  also  species 
of  Acrogaster  and  Pycnosterinx,  these  being  the  earliest  of  fishes 
with  distinctly  spiny  fins. 

The  Trachichthyid(B  are  deep-sea'  fishes  with  short  bodies, 
cavernous  skulls,  and  rough  scales.  The  dorsal  is  short,  with 
a  few  spines  in  front.  The  suborbitals  are  very  broad,  often 
covering  the  cheeks,  and  the  anal  fin  is  shorter  than  the  dorsal, 
a  character  which  separates  these  fishes  from  the  Berycida:,  in 


which  group  the  anal  fin  is  very  long.  The  belly  has  often 
a  serrated  edge,  and  the  coloration  is  red  or  black,  the  black 
species  being  softer  in  body  and  living  in  deeper  water.  Species 
of  Hoplosteihus,  notably  Hoplostethus  mediterraneus,  are  found 
in  most  seas  at  a  considerable  depth.  Trachichthys,  a  genus 
scarcely  distinguishable  from  Hoplosteihus,  is  found  in  various 
seas.  The  genus  Paratrachichthys  is  remarkable  for  the  anterior 
position  of  the  vent,  much  as  in  Aphredoderjis.  Species  occur 
in  Japan  and  Australia.  Gephyroheryx,  with  the  dorsal  fin 
notched,  is  known  from  Japan  {G.  japomcus)  and  Madeira  ((J. 
danvini). 

We  may  also  refer  to  the    Trachichthyidis  certain  species 
of  still  deeper  waters,  black  in  color  and  still  softer  in  t 
with  smaller  scales  which  are  often  peculiar  in  i 
constitute    the    genera    Caulohpis,   Anoplogaster,   Mn 
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In  Catilolepis  the  jaws  ; 


and  PleclTontus,  In  Catilolepis  the  jaws  are  armed  with  very 
strong  canines. 

Allied  to  the  Trachichihyidm  are  also  the  fossil  genera  Hop- 
lopteryx  and  Homonotus.  Hoplopteryx  lewesiensis,  from  the 
English  chalk,  is  one  of  the  earliest  of  the  spiny-rayed  fishes, 

The  Soldier-fishes:  Holoceatridie.  —  The  soldier-fishes  {Holo- 
centrida),  also  known  as  squirrel-fishes,  Welshmen,  soldados, 
matajuelos,  malau,  alehi,  etc.,  are  shore  fishes  very  characteristic 


of  rocky  banks  in  the  tropical  seas.  In  this  family  the  flesh 
is  firm  and  the  large  scales  very  hard  and  with  very  rough 
edges.  There  are  eleven  spines  in  the  dorsal  and  four  in  the 
anal,  the  third  being  usually  very  long.  The  ventral  fins  have 
one  spine  and  seven  soft  rays.  The  whole  head  and  body  are 
rough  with  prickles.  The  coloration  is  always  brilliant,  the 
ground  hue  being  scarlet  or  crimson,  often  with  lines  or  stripes 
of  white,  black,  or  golden.  The  fishes  are  valued  as  food,  and 
they  furnish  a  large  part  of  the  beauty  of  coloration  so  charac- 
teristic of  the  fishes  of  the  coral  reefs.  The  species  are  active, 
pugnacious,  carnivorous,  but  not  especially  voracious,  the 
mouth  being  usually  small. 

The  genus  Hoiocentrus  is  characterized  by  the  presence  of 
a  large  spine  on  the  angle  of  the  preopercle.     Its  species  are 
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especially    numerous,    Holocentrus    ascenscionis,    abundant    in 
Cuba,    ranges    northward    in    the    Gulf    Stream.     Holocentrits 
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suborbitalts,  the   mojarra  cardenal,  is   a  small,  relatively  dull 
species   swarming  about  the  rocks  of  western  Mexico.     Hole- 
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cetttrus  spittosissintus  is  a  characteristic  fish  of  Japan.  Many 
other  species  abound  throughout  Polynesia  and  the  East  Indies 
as  well  as   in  tropical  America.     Holocentnts  ruber  and  Hi 
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centms  diadema  are  common  species  of  Polynesia  and  the  East 
Indies,  Other  abundant  species  are  H.  spinijer,  H.  microsiomus, 
and  H.  violascens. 

Holoceiitriis  marianus  is  the  marian  of  the  French  West 
Indies  Holocentrus  sammara,  and  related  large-mouthed  species 
occur  in   Polynesia. 

In  Myripristis  the  preopercular  spine  is  wanting  and  the 
air-bladder  is  divided  into  two  parts,  the  anterior  extending 
to  the  ear.     Myripristis  jacobus  is  the  brilliantly  colored  candii, 
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of  the  West  Indies.     Species  of  Myripris- 
lii  as  M-tt,     A  curious  method  of  catching 


or  "Frfere    Jacques, 
tis  are  kno-wn  in  Hs 

Myripristis  murdjan  is  pursued  on  the  Island  of  Hawaii. 
A  living  fish  is  suspended  by  a  cord  in  front  of  a  reef  inhabited 
by  this  species.  It  remains  with  scarlet  fins  spread  and  glisten- 
ing red  scales.  Its  presence  is  a  challenge  to  other  indi\-iduals, 
who  rush  out  to  attack  it.  These  are  then  drawn  out  bv  a 
concealed  scoop-net.  and  a  fresh  specimen  is  taken  as  a  decoy, 
Myripristis  pralinius,  M.  miiltiradiatus,  and  other  species 
occur  in  Polynesia,  Ostichlhys  is  allied  to  Myripristis  but 
with  very  large  rough  scales,  Ostichthys  japonictis  is  a  large 
and  showy  fish  of  the  waters  of  Japan.      Ostichthys  pillwaxi 
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sesses  the  orbitosphenoid  bone  and  is  a  true  berycoid,  while 
the  MullidcB  are  genuine  percoid  fishes. 

Fottr  species  of  Polymixia  are  recorded  from  rather  deep 
water:  Polymixia  nobilis  from  Madeira,  Polymixia  lowei  from 
the  West  Indies,  Polymixia  berndti  from  Hawaii,  and  Poly- 
mixia japonica  from  Japan.  All  are  plainly  colored,  without 
red. 

The  Pine-cone  Fishes:  Monocentridse. — ^Among  the  most  ex- 
traordinary of  all  fishes  is  the  little  family  of  Monocentridm, 
or  pine-cone  fishes.  Monocentris  japonicus,  the  best-known 
species,  is  common  on  the  coasts  of  Japan.  It  reaches  the 
length  of  five  inches.  The  body  is  covered  with  a  coat  of  mail, 
made  of  rough  plates  which  look  as  though  carelessly  put 
together.  The  dorsal  spines  are  very  strong,  and  each  ventral 
fin  is  replaced  by  a  very  strong  rough  spine.  The  animal  fully 
justifies  the  remark  of  its  discoverer,  Houttuyn  (1782),  that 
it  is  **  the  most  remarkable  fish  which  exists.'*  It  is  dull  golden 
brown  in  color,  and  in  movement  as  sluggish  as  a  trunkfish. 
A  similar  species,  called  knightfish,  Monocentris  gloricu-maris, 
is  foimd  in  Australia.  No  fossils  allied  to  Monocentris  are 
known. 


CHAPTER  XXXI 
PERCOMORPHI 

UBORDER   P^rcomorphi,  the    Kackerels  and    Perches. — 

We  may  place  in  a  single  suborder  the  various  groups 
of  fishes  which  cluster  about  the  perches,  and  the 
mackerels.  The  group  is  not  easily  definable  and  may  con- 
tain heterogeneous  elements.  We  may,  however,  arrange 
in  it,  for  our  present  purposes,  those  spiny-raj-ed  fishes 
having  the  ventral  fins  thoracic,  of  one  spine  and  five  rays 
(the  ventral  fin  occasionally  wanting  or  defective,  ha\Tng  a 
reduced  number  of  rays),  the  lower  pharyngeal  bones  separate, 
the  suborbital  chain  without  backward  extension  or  bony 
stay,  the  post-temporal  normally  developed  and  separate  from 
the  cranium,  the  premaxillar\'  and  maxillar\'  distinct,  the 
cranitmi  itself  without  orbitosphenoid  bone,  ha\'ing  a  structure 
not  greatly  unlike  that  of  perch  or  mackerel,  and  the  back- 
bone primitively  of  twenty-foiu-  vertebrae,  the  number  increased 
in  arctic,  pelagic,  or  fresh-water  offshoots. 

The  species,  comprising  the  great  body  of  the  spinj'-rayed 
forms,  group  themselves  chiefly  about  two  central  families, 
the  Scotnbrid^B,  or  mackerels,  and  the  Serranid^,  the  sea-bass, 
with  their  fresh-water  allies,  the  PercidcB,  or  perch. 

The  Kackerel  Tribe:  Scombroidea. — ^The  two  groups  of  Per- 
comorphi,  the  mackerel-like  and  the  perch-like,  admit  of  no 
exact  definition,  as  the  one  fully  grades  into  the  other.  The 
mackerel-like  forms,  or  Sconibroidea,  as  a  whole  are  defined  by 
their  adaptation  for  swift  movement.  The  profile  is  sharp  an- 
teriorly, the  tail  slender,  with  widely  forked  caudal ;  the  scales 
are  usually  small,  thin,  and  smooth,  of  such  a  character  as  not 
to  produce  friction  in  the  water. 

In  general  the  external  surface  is  smooth,  the  skeleton 
light  and  strong,  the  muscles  firm,  and  the  species  are  camiv- 
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orous  and  predaceous.  But  among  the  multitude  of  forms  are 
many  variations,  and  some  of  these  will  seem  to  be  exceptions 
to  any  definition  of  mackerel-like  fishes  which  could  possibly 
be  framed. 

The  mackerels,  or  Scombroidea,  have  usually  the  tail  very 
slender,  composed  of  very  strong  bones,  with  widely  forked 
fin.  In  the  perch  and  bass  the  tail  is  stout,  composed  largely 
of  fiesh,  the  supporting  vertebrae  relatively  small  and  spread  out 
fan-fashion  behind.  Neither  mackerels  nor  perch  nor  any  of 
their  near  allies  ever  have  more  than  five  soft  rays  in  the  ventral 
fins,  and  the  persistence  of  this  number  throughout  the  Per- 
comorphi,  Squamipinnes,  Pharyngognathty  and  spiny  fishes 
generally  must  be  attributed  to  inheritance  from  the  primitive 
perch-like  or  mackerel-like  forms.  In  almost  all  the  groups 
to  be  considered  in  this  work,  after  the  Berycoidea  the  ventral 
rays  are  I,  5,  or  else  fewer  through  degeneration,  never  more. 
In  the  central  or  primitive  members  of  most  of  these  groups 
there  are  twenty-four  vertebrae,  the  number  increased  in  cer- 
tain forms,   probably  through  repetitive  degeneration. 

The  True  Mackerels:  Scombridae.  —  We  may  first  consider 
the  great  central  family  of  ScombridcB,  or  true  mackerels, 
distinguished  among  related  families  by  their  swift  forms, 
smooth  scales,  metallic  coloration,  and  technically  by  the 
presence  of  a  number  of  detached  finlets  behind  the  dorsal 
and  anal  fins.  The  cut  of  the  mouth  is  peculiar,  the  spines 
in  the  fins  are  feeble,  the  muscular  system  is  extremely  strong, 
the  flesh  oily,  and  the  air-bladder  reduced  in  size  or  altogether 
wanting.  As  in  most  swift-swimming  fishes  and  fishes  of 
pelagic  habit,  the  vertebnc  are  numerous  and  relatively  small, 
an  arrangement  w^hich  promotes  flexibility  of  body.  It  is 
not  likely  that  this  group  is  the  most  primitive  of  the  scombroid 
fishes.  In  some  respects  the  Stromaieidcc  stand  nearer  the 
primitive  stock.  The  true  mackerels,  how^ever,  furnish  the 
most  convenient  point  of  departure  in  reviewing  the  great 
group. 

In  the  genus  of  true  mackerels,  Scomber,  the  dorsal  fins 
are  well  separated,  the  first  being  rather  short,  and  the  scales 
of  the  shoulders  are  not  modified  to  form  a  corselet.  There 
are  ntunerous  species,   two  of  them  of  general  interest.     The 
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fcommon  mackerel,  Scomber  scombrus,  is  one  of  the  best  known 
of  food-fishes.  It  is  probably  confined  to  the  Atlantic,  where 
on  both  shores  it  runs  in  vast  schools,  the  movements  varying 
greatly  from  season  to  season,  the  preference  being  for  cool 
waters.  The  female  mackerel  produces  about  500,000  eggs 
each  year,  according  to  Professor  Goode.  These  are  very 
minute  and  each  is  provided  with  an  oil-globule,  which  causes 
it  to  float  on  the  storface.  About  400,000  barrels  of  mackerel 
are  salted  yearly  by  the  mackerel  fleet  of  Massachusetts.  Single 
schools  of  mackerel,  estimated  to  contain  a  million  barrels, 
have  been  recorded.     Captain  Harding  describes  such  a  school 
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as  "a  windrow  of  fish  half  a  mile  wide  and  twenty  miles 
long." 

Professor  Goode  writes: 

"  Upon  the  abundance  of  mackerel  depends  the  welfare  of 
many  thousands  of  the  citizens  of  Massachusetts  and  Maine. 
The  success  of  the  mackerel-fishery  is  much  more  uncertain 
than  that  of  the  cod-fishery,  for  instance,  tor  the  supply  of 
cod  is  quite  uniform  from  year  to  year.  The  prospects  of 
each  season  are  eagerly  discussed  from  week  to  week  in 
thousands  of  little  circles  along  the  coast,  and  are  chronicled 
by  the  local  press.  The  story  of  each  successful  trip  is  passed 
from  mouth  to  mouth,  and  is  a  matter  of  general  congratulation 
in  each  fishing  community.  A  review  of  the  results  of  the 
American  mackerel-fishery,  and  of  the  movements  of  the  fish 
in  each  part  of  the  season,  would  be  an  important  contribution 
to  the  literature  of  the  American  fisheries. 

"  The  mackerel-fishery  is  peculiarly  American,  and  its  history 
IB  full  of  romance.     There  are  no  finer  vessels  afloat  than  the 
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American  mackerel-schooners — ^yachts  of  great  speed  and 
unsurpassed  for  seaworthiness.  The  modem  instruments  of 
capture  are  marvels  of  inventive  skill,  and  require  the  highest 
degree  of  energy  and  intelligence  on  the  part  of  the  fisher- 
men. The  crews  of  the  mackerel-schooners  are  still  for  the 
most  part  Americans  of  the  old  colonial  stock,  although  the 
cod  and  halibut  fisheries  are  to  a  great  extent  given  up  to 
foreigners. 

**When  the  mackerel  is  caught,  trout,  bass,  and  sheeps- 
head  cannot  vanquish  him  in  a  gastronomic  tournament.  In 
Holland,  to  be  sure,  the  mackerel  is  not  prized,  and  is  accused 
of  tasting  like  rancid  fish-oil,  and  in  England,  even,  they  are 
usually  lean  and  dry,  like  the  wretched  skeletons  which  are 
brought  to  market  in  April  and  May  by  the  southern  fleet, 
which  goes  forth  in  the  early  spring  from  Massachusetts  to 
intercept  the  schools  as  they  approach  the  coasts  of  Carolina 
and  Virginia.  They  are  not  worthy  of  the  name  of  mackerel. 
Scomber  Scombrus  is  not  properly  in  season  until  the  spawning 
time  is  over,  when  the  schools  begin  to  feed  at  the  surface  in 
the  Gulf  of  Maine  and  the  'North  Bay.* 

'*Just  from  the  water,  fat  enough  to  broil  in  its  own  drip- 
pings, or  slightly  corned  in  strong  brine,  caught  at  night  and 
eaten  in  the  morning,  a  mackerel  or  a  bluefish  is  unsurpass- 
able. A  well-cured  autumn  mackerel  is  perhaps  the  finest  of 
all  salted  fish,  but  in  these  days  of  wholesale  capture  by  the 
purse-seine,  hasty  dressing  and  careless  handling,  it  is  very  dif- 
ficult to  obtain  a  sweet  and  sound  salt  mackerel.  Salt  mack- 
erel may  be  boiled  as  well  as  broiled,  and  a  fresh  mackerel 
may  be  cooked  in  the  same  manner.  Americans  will  usually 
prefer  to  do  without  the  sauce  of  fennel  and  gooseberry  which  . 
transatlantic  cooks  recommend.  Fresh  and  salt,  fat  and  lean, 
new  or  stale,  mackerel  are  consumed  by  Americans  in  immense 
quantities,  as  the  statistics  show,  and  whatever  their  state, 
always  find  ready  sale.*' 

Smaller,  less  important,  less  useful,  but  far  more  widely 
distributed  is  the  chub-mackerel,  or  thimble-eyed  mackerel, 
Scomber  japonicus  (Houttuyn,  1782),  usually  known  by  the 
later  name  of  Scomber  colias  (Gmelin,  1788).  In  this  species 
the   air-bladder    (absent  in  the   common  mackerel)   is  moder- 
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ately  developed.  It  very  much  resembles  the  true  mackerel, 
but  is  of  smaller  size,  less  excellence  as  a  food-fish,  and  keeps 
nearer  to  the  shore.  It  may  be  usually  distinguished  by  the 
presence  of  vague,  dull-gray  spots  on  the  sides,  where  the  true 
mackerel  is  lustrous  silvery. 

This  fish  is  common  in  the  Mediterranean,  along  our  Atlantic 
coast,  on  the  coast  of  California,  and  everywhere  in  Japan. 

Scomber  antarcticus  is  the  familiar  mackerel  of  Australia. 
Scomber  loo,  silvery,  with  roimd  black  spots,  is  the  common 
mackerel  of  the  South  Seas,  locally  known  as  Ga. 

Scomber  priscus  is  a  fossil  mackerel  from  the  Eocene. 

Auxis  thazard,  the  frigate  mackerel,  has  the  scales  of  the 
shoulders  enlarged  and  somewhat  coalescent,  forming  what  is 
called  a  corselet.  The  species  ranges  widely  through  the  seas 
of  the  world  in  great  numbers,  but  very  erratic,  sometimes 
myriads  reaching  our  Eastern  coast,  then  none  seen  for  years. 
It  is  more  constant  in  its  visits  to  Japan  and  Hawaii.  Fossil 
species  of  Auxis  are  found  in  the  Miocene. 

The  genus  Gymnosarda  has  the  corselet  as  in  Auxis,  but  the 
first  dorsal  fin  is  long,  extending  backward  to  the  base  of  the 
second.  Its  two  species,  Gynntiosarda  pelamis,  the  Oceanic 
bonito,  and  Gymnosarda  alleterata,  the  little  timny,  are  foimd 
in  all  warm  seas,  being  especially  abimdant  in  the  Mediterra- 
nean, about  Hawaii  and  Japan.  These  are  plimip  fish  of  mod- 
erate size,  with  very  red  and  very  oily  flesh. 

Closely  related  to  these  is  the  great  timny,  or  Tiuia  (Thunnus 
thynnus)  foimd  in  all  warm  seas  and  reaching  at  times  a  weight 
of  1500  poimds.  These  enormous  fishes  are  much  valued  by 
anglers,  a  popular  "Tuna  Club"  devoted  to  the  sport  of  catch- 
ing them  with  a  hook  having  its  headquarters  at  Avalon,  on 
Santa  Catalina  Island  in  California.  They  are  good  food, 
although  the  flesh  of  the  large  ones  is  very  oily.  The  name 
horse-mackerel  is  often  given  to  these  monsters  on  the  New 
England  coast.  In  California,  the  Spanish  name  of  tuna  has 
become  current  among  fisherman. 

Very  similar  to  the  tima,  but  much  smaller,  is  the  Albacore 
(Germo  alcUonga).  This  reaches  a  weight  of  fifteen  to  thirty 
pounds,  and  is  known  by  its  very  long,  almost  ribbon-like  pec- 
toral fins.    This  species  is  common  in  the  Mediterranean,  and 
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about  the  Santa  Barbara  Islands,  where  it  runs  in  great  schools 
in  March.  The  flesh  of  the  albacore  is  of  little  value,  unless, 
as  in  Japan,  it  is  eaten  raw.  The  Japanese  {Germo  inacroplerus) 
is  another  large  albacore,  having  the  finlets  bright  yellow.  It  is 
found  also  at  Hawaii  and  in  Southern  California. 

The  bonito  (Sarda  sarda)  wanders  far  throughout  the  Atlan- 
tic, abounding  on  our  Atlantic  coast  as  in  the  Mediterranean, 
coming  inshore  in  summer  to  spawn  or  feed.  Its  flesh  is  red 
and  not  very  delicate,  though  it  may  be  reckoned  as  a  fair  food- 


-The  Lcng-fin  Albacore,  Germo  alalvnga  (Gmelin).    Gulf  Stream. 


fish.  It  is  often  served  under  the  name  of  "  Spanish  mackerel " 
to  the  injury  of  the  reputation  of  the  better  fish. 

Professor  Goode  writes: 

"One  of  these  fishes  is  a  marvel  of  beauty  and  strength. 
Every  hne  in  its  contour  is  suggestive  of  swift  motion.  The 
head  is  shaped  like  a  niinic  buUot,  the  jaws  fit  together  so 
tightly  that  a  knife-edge  could  scarcely  pass  between,  the  eyes 
are  hard,  smooth,  their  surfaces  on  a  perfect  level  with  the 
adjoining  surfaces.  The  shoulders  are  heavy  and  strong,  the 
contours  of  the  powerful  masses  of  muscle  gently  and  evenly 
merging  into  the  straighter  lines  in  which  the  contour  of  the 
body  slopes  back  to  the  tail.  The  dorsal  fin  is  placed  in  a 
groove  into  which  it  is  received,  hkc  the  blade  of  a  clasp-knife 
in  its  handle.  The  pectoral  and  ventral  fins  also  fit  into  depres- 
sions in  the  sides  of  the  fish.  Above  and  below,  on  the  pos- 
terior third  of  the  body,  are  placed  the  little  finlets,  each  a  little 
rudder  with  independent  motions  of  its  own,  by  which  the 
course  of  the  fish  may  be  readily  steered.     The  tail  itself  is  a 
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crescent-shaped  oar,  without  flesh,  ahnost  without  scales,  com- 
posed of  bundles  of  rays  flexible,  yet  almost  as  hard  as  ivory. 
A  single  sweep  of  this  powerful  oar  doubtless  suflices  to  propel 
the  bonito  a  hundred  yards,  for  the  pohshed  surfaces  of  its 
body  can  offer  Uttle  resistance  to  the  water.  I  have  seen  a 
common  dolphin  swimming  round  and  round  a  steamship, 
advancing  at  the  rate  of  twelve  knots  an  hour,  the  effort  being 
hardly  perceptible.  The  wild  duck  is  said  to  fly  seventy  miles 
in  an  hour.  Who  can  calculate  the  speed  of  the  bonito?  It 
might  be  done  by  the  aid  of  the  electrical  contrivances  by  which 
is  calculated  the  initial  velocity  of  a  projectile.  The  bonitoes 
in  our  sounds  to-day  may  have  been  passing  Cape  Colony  or 
the  Land  of  Fire  day  before  yesterday." 

Another  bonito,  Sarda  chilensis,  is  common  in  California ; 
in  Chile,  and  in  Japan.  This  species  has  fewer  dorsal  spines 
than  the  bonito  of  the  Atlantic,  but  the  same  size,  coloration, 
and  flesh.  Both  are  blue,  with  undulating  black  stripes  along 
the  side  of  the  back. 

The  genus  Scomberomortis  includes  mackerels  slenderer  in 
form,  with  larger  teeth,  no  corselet,  and  the  flesh  comparatively 
pale  and  free  from  oil. 

Scomberomorus  tnaculatus,  the  Spanish  mackerel  of  the  West 
Indies,  is  one    of    the   noblest    of   food-fishes.      Its  biography 


Fio.  877.^The  Spaoish  Mackerel.  ScomberoTnorus  maeulatut  (Mitchill).     New  York. 

was    written    by    Mitchill    almost    a    century    ago    in    these 
words : 

"A  fine  and  beautiful  fish;   comes  in  July." 

Goode  thus  writes  of  it: 

"The  Spanish  mackerel  is  surely  one  of  the  most  graceful 


480  Pcrcomorphi 

of  fishes.  It  appeals  as  scarcely  any  other  can  to  oiir  love  of 
beauty,  when  we  look  upon  it,  as  shown  in  Kilboum's  well- 
known  painting,  darting  like  an  arrow  just  shot  from  the  bow, 
its  burnished  sides,  silver  flecked  with  gold,  thrown  into  bold 
relief  by  the  cool  green  background  of  the  rippled  sea;  the 
transparent  grays,  opalescent  whites,  and  glossy  blacks  of  its 
trembling  fins  enhance  the  metallic  splendor  of  its  body,  imtil 
it  seems  to  rival  the  most  brilliant  of  tropical  birds.  Kilboum 
made  copies  of  his  large  painting  on  the  pearly  linings  of  sea- 
shells  and  produced  some  wonderful  effects  by  allowing  the 
natural  luster  of  the  mother-of-pearl  to  show  through  his  trans- 
parent pigments  and  simulate  the  brilliancy  of  the  life-inspired 
hues  of  the  quivering,  darting  sea-sprite,  whose  charms  even 
his  potent  brush  could  not  properly  depict. 

"It  is  a  lover  of  the  sim,  a  fish  of  tropical  nature,  which 
comes  to  us  only  in  midsummer,  and  which  disappears  with 
the  approach  of  cold,  to  some  region  not  yet  explored  by  ich- 
thyologists. It  is  doubtless  very  familiar  in  winter  to  the 
inhabitants  of  some  region  adjacent  to  the  waters  of  the  Carib- 
bean or  the  tropical  Atlantic,  but  until  this  place  shall  have 
been  discovered  it  is  more  satisfactory  to  suppose  that  with 
the  bluefish  and  the  mackerel  it  inhabits  that  hypothetical 
winter  resort  to  which  we  send  the  migratory  fishes  whose 
habits  we  do  not  imderstand — the  middle  strata  of  the  ocean, 
the  floating  beds  of  Sargassum,  which  drift  hither  and  thither 
under  the  alternate  promptings  of  the  Gulf-stream  currents 
and  the  winter  winds." 

The  Spanish  mackerel  swims  at  the  surface  in  moderate 
schools  and  is  caught  in  abundance  from  Cape  May  south- 
ward. Its  white  flesh  is  most  delicious,  when  properly  grilled, 
and  Spanish  mackerel,  like  pampano,  should  be  cooked  in 
no  other  way. 

A  very  similar  species,  Scomberomoms  sierra,  occurs  on  the 
west  coast  of  Mexico.  For  some  reason  it  is  little  valued  as 
food  by  the  Mexicans.  In  California,  the  Monterey  Spanish 
mackerel  {Scomberomorus  concolor)  is  equally  excellent  as  a 
food-fish.  This  fish  lacks  the  spots  characteristic  of  most 
of  its  relatives.  It  was  first  found  in  the  Bay  of  Monterey, 
especially  at  Santa  Cruz  and  Soquel,  in  abundance  in  the  auttimn 
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of  1879  and  1880.  It  has  not,  so  far  as  is  known,  been  seen 
since,  nor  is  the  species  recorded  from  any  other  coast. 

The  true  Spanish  mackerel  has  round,  bronze-black  spots 
upon  its  sides.  Almost  exactly  like  it  in  appearance  is  the 
pintado,  or  sierra  {Scomberomoriis  regalis),  but  in  this  species 
the  spots  are  oblong  in  form.  The  pintado  abounds  in  the 
West  Indies.  Its  flesh  is  less  delicate  than  that  of  the  more 
true  Spanish  mackerel.  The  name  sierra,  saw,  commonly 
applied  to  these  fishes  by  Spanish-speaking  people,  has  been 
corrupted  into  cero  in  some  books  on  angling. 

Still  other  Spanish  mackerel  of  several  species  occur  on 
the  coasts  of  India,  Chile,  and  Japan. . 

The  great  kingfish,  or  ca valla  (Scomberotnorus  cavalla),  is 
a  huge  Spanish  mackerel  of  Cuba  and  the  West  Indies,  reaching 
a  weight  of  100  pounds.  It  is  dark  iron-gray  in  color,  one 
of  the  best  of  food-fishes,  and  is  imspotted,  and  its  firm,  rich 
flesh  resembles  that  of  the  barracuda. 

Still  larger  is  the  great  guahu,  or  peto,  an  immense  sharp- 
nosed,  swift-swimming  mackerel  found  in  the  East  and  West 
Indies,  as  well  as  in  Polynesia,  reaching  a  length  of  six  feet 
and  a  weight  of  more  than  a  himdred  potmds.  Its  large 
knife-like  teeth  are  serrated  on  the  edge  and  the  color  is 
almost  black.  Acanthocybium  solandri  is  the  species  found  in 
Hawaii  and  Japan.  The  American  Acanthocybium  petus, 
occasionally  also  taken  in  the  Mediterranean,  may  be  the 
same  species. 

Fossil  Spanish  mackerels,  tunnies,  and  albacores,  as  well 
as  representatives  of  related  genera  now  extinct,  abotmd  in 
the  Eocene  and  Miocene,  especially  in  northern  Italy.  Among 
them  are  Scomber  aniiqims  from  the  Miocene,  Scombrinus 
macropomus  from  the  Eocene  London  clays,  much  like  Scomber ^ 
but  with  stronger  teeth,  Sphyrcenodus  priscus  from  the  same 
deposits,  the  teeth  still  larger,  Scombramphodon  crossidens, 
from  the  same  deposits,  also  with  strong  teeth,  like  those  of 
Scomberomorus,  Scomberomoriis  is  the  best  represented  of 
all  the  genera  as  fossil,  Scomberomoriis  speciosus  and  niunerous 
other  species  occurring  in  the  Eocene.  A  fossil  species  of 
Germo,  G.  lanceolatus,  occurs  at  Monte  Bolca  in  Eocene  rocks. 
Another  tunny,  with  very  small  teeth  is  Eothynnus  salmonens. 
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from  the  lower  Eocene  near  London.  Several  other  ttinny- 
like  fishes  occiir  in  the  lower  Tertiary. 

The  Escolars:  Gempylidse. — More  predaceous  than  the  mack- 
erels and  tunnies  are  the  pelagic  mackerels,  Gempylidm,  known 
as  escolars  (''scholars*'),  with  the  body  almost  band-shaped 
and  the  teeth  very  large  and  sharp.  Some  of  these,  from 
the  ocean  depths,  are  violet-black  in  color,  those  near  the 
surface  being  silvery.  Escolar  violaceus  lives  in  the  abysses 
of  the  Gulf  Stream.  Ruvettus  pretiosus,  the  black  escolar, 
lives  in  more  moderate  depths  and  is  often  taken  in  Cuba, 
Madeira,  Hawaii,  and  Japan.  It  is  a  very  large  fish,  black, 
with  very  rough  scales.  The  flesh  is  white,  soft,  and  full  of 
oil;  sometimes  rated  very  high,  and  at  other  times  too  rank 
to  be  edible.  The  name  escolar  means  scholar  in  Spanish,  but 
its  root  meaning,  as  applied  to  this  fish,  comes  from  a  word 
meaning  to  scour,  in  allusion  to  the  very  rough  scales. 

Promethichthys  prometheus,  the  rabbit-fish,  or  conejo,  so- 
called  from  its  wariness,  is  caught  in  the  same  regions,  being 
especially  common  about  Madeira  and  Hawaii.  Gempylus 
serpens,  the  snake-mackerel,  is  a  still  slenderer  and  more  voracious 
fish  of  the  open  seas.  Thyrsiies  atiin  is  the  Australian  ''barra- 
cuda," a  valued  food-fish,  voracious  and  predaceous. 

Scabbard-  and  Cutlass-fishes:  Lepidopidse  and  Trichiuridse. — 
The  family  of  Lepidopidcc,  or  scabbard-fishes,  includes  degen- 
erate mackerels,  band-shaped,  with  continuous  dorsal  fin, 
and  the  long  jaws  armed  with  very  small  teeth.  These  are 
found  in  the  open  sea,  Lcpidopns  candatiis  being  the  most 
common.  This  species  reaches  a  length  of  five  or  six  feet 
and  comes  to  different  coasts  occasionally  to  deposit  its  spawn. 
It  lives  in  warm  water  and  is  at  once  chilled  by  the  least  cold; 
hence  the  name  of  frostfish  occasionally  a])plied  to  it.  Several 
species  of  Lepidopns  are  fossil  in  the  later  Tertiary.  Lepido- 
pus  glarisianiis  occurs  in  the  Swiss  Oligocene,  and  with  it 
Thyrsitocephalus  alpiniis,  which  approaches  more  nearly  to  the 
GempylidcB. 

Still  more  degenerate  are  the  Tn'cliiuridcc,  or  cutlass-fishes, 
in  which  the  caudal  fin  is  wanting,  the  tail  ending  in  a  hair-like 
filament.  The  species  are  bright  silvery  in  color,  very  slender, 
and  very  voracious,   reaching  a   length  of  three  to  five    feet. 
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Trichiurus  lepturus  is  rather  conunon  on  our  Atlantic  coast. 
The  names  hairfish  and  silver-eel,  among  others,  are  often  given 
to  it.     Trichiurus  japonicus,  a  very  similar  species,  is  common 


FlO.  878. — CutUss-fiah,    Trichivrut   Upluna   Linnffius.     St.   Augustii 


in  Japan,  and  other  species  inhabit  the  tropical  seas.  Tri- 
chiuricktkys,  a  fossil  genus  with  well-developed  scales,  precedes 
Trichiurus  in  the  Miocene. 

The  Paheorhynchidse. — ^The  extinct  family  of  PaUeorhynchida 
is  found  from  the  Eocene  to  the  Oligocene.     It  contains  very 


FiQ.  ST9. — Palaorhynchtu  glarisxanm  Blainville.     Oligocene.     (After  Woodmrd.) 


loi^  and  slender  fishes,  with  long  jaws  and  small  teeth,  the 
dorsal  fin  long  and  continuous.  The  species  resembles  the 
Escolar  on  the  one  hand  and  the  sailfishes  on  the  other,  and 
they  may  prove  to  be  ancestral  to  the  Istiophorida.  Hemi- 
rhynchus  deshayesi  with  the  upper  jaw  twice  as  long  as  the 
lower,  sword-like,  occurs  in  the  Eocene  at  Paris;  Palaorhynckum 
glarisianum.  with  the  jaws  both  elongate,  the  lower  longest,  is 
in  the  Oligocene  of  Glarus.  Several  other  species  of  both  genera 
are  recorded. 

The  Sailfishes:  Istiophoridte. — Remotely  alUed  to  the  cutlass- 
fishes  and  still  nearer  to  the  Pala^orbynchida:  is  the  family  of 
sailfishes,  Isliophoridtr,  having  the  upper  jaw  prolonged  into 
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a  sword  made  of  consolidated  bones.  The  teeth  are  very  feeble 
and  the  ventral  fins  reduced  to  two  or  three  rays.  The  species 
are  few  in  number,  of  large  size,  and  very  brilliant  metallic 
coloration,  inhabiting  the  warm  seas,  moving  northward  in 
stunmer.  They  are  excellent  as  food,  similar  to  the  swordfish 
in  this  as  in  many  other  respects.  The  species  are  not  well 
knowfi,  being  too  large  for  museum  purposes,  and  no  one  having 
critically  studied  them  in  the  field.  Istiophorus  has  the  dorsal 
fin  very  high,  like  a  great  sail,  and  undivided;  Istiophorus  ni- 
gricans is  rather  common  about  the  Florida  Keys,  where  it 
reaches  a  length  of  six  feet.  Its  great  sail,  blue  with  black 
spots,  is  a  very  striking  object.  Closely  related  to  this  is 
Istiophorus  orientalis  of  Japan  and  other  less  known  species 
of  the  East  Indies. 

Tetrapturus,  the  spearfish,  has  the  dorsal  fin  low  and  divided 
into  two  parts.  Its  species  are  taken  in  most  warm  seas, 
Tetrapturus  imperator  throughout  the  Atlantic,  Tetrapturus  aw-- 
plus  in  Cuba,  Tetrapturus  mitsukurii  in  Japan  and  in  Southern 
California.  These  much  resemble  swordfish  in  form  and  habits, 
and  they  have  been  known  to  strike  boats  in  the  same  way. 

Fossil  IstiophoridcB  are  known  only  from  fragments  of  the 
snout,  in  Europe  and  America,  referred  provisionally  to  Istio- 
phorus, The  genus  Xiphiorhynchus,  fossil  swordfishes  from  the 
Eocene,  known  from  the  skull  only,  may  be  referred  to  this 
family,  as  minute  teeth  are  present  in  the  jaws.  Xiphiorhyn- 
chiis  prisons  is  found  in  the  London  Eocene. 

The  Swordfishes:  Xiphiidae.  —  The  family  of  swordfishes, 
Xiphitdcc,  consists  of  a  single  species,  Xiphias  ^ladiiis,  of  world- 


FiG.  880. — Young  Swordfish,  Xiphias  gladius  (Linnaeus).     (After  Lutken.) 

wide  distribution  in  the  warm  seas.  The  snout  in  the  sword- 
fish  is  still  longer,  more  perfectly  consolidated,  and  a  still  more 
effective  weapon  of  attack.  The  teeth  are  wholly  wanting, 
and  there  are  no  ventral  fins,  while  the  second  of  the  two  fins 
on  the  back  is  reduced  to  a  slight  finlet. 
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The  swordfish  follows  the  schools  of  mackerel  to  the  New 
England  coasts.  *' Where  you  see  swordfish,  you  may  kAow 
that  mackerel  are  about,"  Goode  quotes  from  an  old  fisherman. 
The  swordfish  swims  near  the  surface,  allowing  its  dorsal  fin 
to  appear,  as  also  the  upper  lobe  of  the  caudal.  It  often  leaps 
out  of  the  water,  and  none  of  all  the  fishes  of  the  sea  can  sv/im 
more  swiftly. 

**The  pointed  head,"  says  Goode,  **the  fins  of  the  back  and 
abdomen  snugly  fitting  into  grooves,  the  absence  of  ventrals, 
the  long,  lithe,  muscular  body,  sloping  slowly  to  the  tail,  fit 


Fig.  881. — Swordfish,  Xiphias  gladiua  (Linnseus).     (After  Day.) 

it  for  the  most  rapid  and  forcible  movement  through  the  water. 
Prof.  Richard  Owen,  testifying  in  an  England  court  in  regard 
to  its  power,  said: 

***It  strikes  with  the  accumulated  force  of  fifteen  double- 
handed  hammers.  Its  velocity  is  equal  to  that  of  a  swivel-shot, 
and  is  as  dangerous  in  its  effects  as  a  heavy  artillery  projectile.* 

"Many  very  ciuious  instances  are  on  record  of  the  encoim- 
ters  of  this  fish  with  other  fishes,  or  of  their  attacks  upon  ships. 
What  can  be  the  inducement  for  it  to  attack  objects  so  much 
larger  than  itself  it  is  hard  to  surmise. 

**  It  siu*ely  seems  as  if  a  temporary  insanity  sometimes  takes 
possession  of  the  fish.     It  is  not  strange  that,  when  harpooned, 
it  should  retaliate  by  attacking  its  assailant.      An  old  sword- 
fish  fisherman  told  Mr.   Blaclrford  that  his  vessel  had  been 
struck  twenty  times.     There  are,  however,  many  instances  of 
entirely  unprovoked  assault  on  vessels  at  sea.    Ma 
are  recounted  in  a  later  portion  of  this  memoir 
ments  when  feeding  are  discussed  below,  as  weT 
pectiliarities  of  movement  during  the  breeding 
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**It  is  the  tuii versa!  testimony  of  our  fishermen  that  two 
are  never  seen  swimming  close  together.  Capt.  Ashby  says 
that  they  are  always  distant  from  each  other  at  least  thirty 
or  forty  feet. 

**The  pugnacity  of  the  swordfish  has  become  a  byword. 
Without  any  special  effort  on  my  part  numerous  instances  of 
their  attacks  upon  vessels  have  in  the  last  ten  years  fotind  their 
way  into  the  pigeon-hole  labeled  'Swordfish.'" 

Swordfishes  are  common  on  both  shores  of  the  Atlantic 
wherever  mackerel  nm.  They  do  not  breed  on  our  shores, 
but  probably  do  so  in  the  Mediterranean  and  other  warm  seas. 
They  are  rare  off  the  California  coast,  but  five  records  existing 
(Anacapa,  Santa  Barbara,  Santa  Catalina,  San  Diego,  off  Cerros 
Island).  The  writer  has  seen  two  large  individuals  in  the 
market  of  Yokohama,  but  it  is  scarcely  known  in  Japan.  As 
a  food-fish,  the  swordfish  is  one  of  the  best,  its  dark-colored 
oily  flesh,  though  a  little  coarse,  making  most  excellent  steaks. 
Its  average  weight  on  our  coast  is  about  300  poimds,  the 
maximum  625. 

The  swordfish  tmdergoes  great  change  in  the  process  of  de- 
velopment, the  very  yoimg  having  the  head  armed  with  rough 
spines  and  in  nowise  resembling  the  adult. 

Fossil  swordfishes  are  tmknown,  or  perhaps  cannot  be  dis- 
tinguished from  remains  of  IstiophoridcB. 
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CAVALLAS   AND   PAMPANOS 

;  Pampanos;  Carangids. — We  next  take  up  the  great 
family  of  Pampanos,  Carangidee,  distinguished  from 
the  ScomhridcB  as  a  whole  by  the  shorter,  deeper 
body,  the  fewer  and  larger  vertebrae,  and  by  the  loss  of  the  pro- 
vision for  swift  movement  in  the  open  sea  characteristic  of  the 
mackerels  and  their  immediate  allies.  A  simple  mark  of  the 
Carangid<B  is  the  presence  of  two  separate  spines  in  front  of 
the  anal  fin.  These  spines  are  joined  to  the  fin  in  the  young. 
All  of  the  species  undergo  considerable  changes  with  age,  and 
almost  all  are  silvery  in  color  with  metallic  blue  on  the  back. 

Most  like  the  true  mackerel  are  the  "leather- jackets,"  or 
"runners,"  forming  the  genera  Scomberoides  and  Oligoplites. 
Scomberoides  of  the  Old  World  has  the  body  scaly,  long,  slender, 
and  fitted  for  swift  motion ;  Scomberoides  sancti-petri  is  a  widely 
difi^used  species,  and  others  are  found  in  Polynesia,  In  the 
New  World  genus  Oligoplites  the  scales  are  reduced  to  linear 
ridges  imbedded  in  the  sldn  at  different  angles.  Oligoplites 
saurus  is  a  common  dry  and  bony  fish  abounding  in  the  West 
Indies  and  ranging  north  in  summer  to  Cape  Cod. 

Naucrates  duclor,  the  pilotfish,  or  romero,  inhabits  the 
open  sea,  being  taken — everywhere  rarely — in  Etirope,  the 
West  Indies,  Hawaii,  and  Japan.  It  is  marked  by  six  black 
cross-bands.  Its  tail  has  a  keel,  and  it  reaches  a  length  of  about 
two  feet.  In  its  development  it  undergoes  considerable  change, 
its  first  dorsal  fin  being  finally  reduced  to  disconnected  spines. 

The  amber-fishes,  forming  the  genus  Seriola,  are  rather 
robust  fishes,  with  the  anal  fin  much  shorter  than  the  soft  dor- 
sal. The  sides  of  the  tail  have  a  low,  smooth  keel.  From  a 
yellow  streak  obliquely  across  the.^^^ahdn^L^^>ei£s  they 
receive    their    Spanish    name   q£  Jfl^^^^^^^^HBftti^  &rA 
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numerous,  found  in  all  warm  seas,  of  fair  quality  i 
range  in  length  from  two  to  six  feet. 


F:o.   332. — Hlot-liah,  Naucralea  ductor  (Linnatua).     New  Bedford,  Mass. 

Seriola  dorsalis  is  the  noted  yellow-tail  of  California,  valued 
by  anglers  for  its  game  qualities.     It  comes  to  the  Santa  Bar- 
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bara  Islands  in  early  summer.  Seriola  zonata  is  the  rudder- 
fish,  or  shark's  pilot,  common  on  our  New  England  coast.  The 
banded  young,  abimdant  off  Cape  Cod,  lose  their  marks  with 
age,  Seriola  hippos  is  the  "samson-fish"  of  Australia.  Seri- 
ola lalandi  is  the  great  amber-fish  of  the  West  Indies,  occa- 
sionally venturing  farther  northward,  and  Seriola  dumcrili 
the  amber-jack,  or  coronado,  of  the  Mediterranean.  The  deep- 
bodied  medregal  (Seriola  fasciata)  is  also  taken  in  the  West 
Indies,  as  is  also  the  high-finned  Seriola  rivoliana.  Species 
very  similar  to  these  occur  in  Hawaii  and  Japan,  where  they 
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are  known  as  Ao,  or  bluefishes.  Seriola  lata  is  fossil  in  the 
mountains  of  Tuscany. 

The  runner,  Elegatis  bipinnulatus,  differs  from  Seriola  in 
having  a  finlet  behind  dorsal  and  anal.  It  is  found  in  almost 
all  warm  seas,  ranging  north  once  in  a  while  to  Long  Island. 

The  mackerel  scads  (Decapterus)  have  also  a  finlet,  and  on 
the  posterior  part  of  the  body  the  lateral  line  is  shielded  with 
bony  plates.  In  size  and  form  these  little  fishes  much  resemble 
small  mackerel,  and  they  are  much  valued  as  food  wherever 
abundant.  Decapterus  punclatus,  known  also  as  cigar-fish  and 
round-robin,  frequently  visits  our  Atlantic  coasts  from  the  West 
Indies,  where  it  is  abundant.  Decapterus  russelli  is  the  Maru- 
aji,  highly  valued  in  Japan  for  its  abundance,  while  Decapterus 
muroadsi  is  the  Japanese  muroaji. 

Megalaspis  cordyla  abounds  in  the  East  Indies  and  Poly- 


Fio.  881.— The  Saurel,  Trachvrxa  trachurut  (Linnieiu).    Newport,  R.  I. 


nesia.  It  has  many  finlets,  and  the  bony  plates  on  the  lateral 
line  are  developed  to  an  extraordinary  degree. 

In  Trachurus  the  finlets  are  lost  and  the  bony  plates  extend 
the  whole  length  of  the  lateral  line.  The  species  known  as 
saurel  and  wrongly  called  horse-mackerel  are  closely  related 
and  some  of  them  very  widely  distributed. 

Trachurus  trachurus  common  in  Europe,  extends  to  Japan 
where  it  is  the  abundant  maaji.  Trachurus  mediterraneus  is 
common  in  southern  Europe  and  Trachurus  symmetricus  in 
California.     Trachurus  picturatus  of  Madeira  is  much  the  same 
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as  the  last  named,  and  there  is  much  question  as  to  the  right 
names  and  proper  limits  of  all  these  species. 

In  Trachurops  the  bony  plates  are  lacking  on  the  anterior 
half  of  the  body,  and  there  is  a  peculiar  nick  and  projection 
on  the  lower  part  of  the  anterior  edge  of  the  shoulder-girdle. 
Trachurops  crumettopttthalma,  the  goggler,  or  big-eyed  scad, 
ranges  widely  in  the  open  sea  and  at  Hawaii,  as  the  Akule,  is 
tiie  most  highly  valued  because  most  abundant  of  the  migra- 
tory fishes  At  Samoa  it  is  equally  abundant,  the  name  being 
here  Atule.  Trachurops  torva  is  the  meaji,  or  big-eyed  scad,  of 
the  Japanese,  always  abtmdant. 

To  Caranx,  Carangus,  and  a  niunber  of  related  genera,  charac- 
terized by  the  bony  armature  on  the  narrow  caudal  peduncle,  a 
host  of  species  may  be  referred.     These  fishes,  known  as  cavallas, 


Fia.   885.— Yellow  Mackerel,  Carangut  chrytot  (Mitchill).     Wood's  Hole. 

hard-tails,  jacks,  etc.,  are  broad-bodied,  silvery  or  metallic  black 
in  color,  and  are  found  in  all  warm  seas.  They  usually  move  from 
the  tropics  northward  in  the  fall  in  search  of  food  and  are  espe- 
cially abimdant  on  our  Atlantic  coast,  in  Polynesia,  and  in  Japan. 
About  the  Oceanic  Islands  they  are  resident,  these  being  their 
chosen  spawning-grounds.  In  Hawaii  and  Samoa  they  form  a 
large  part  of  the  food-supply,  the  ulua  (Carangus  forsieri)  and  the 
malaiUi  {Carangus  melampygus)  being  among  the  most  valuable 
food-fidies,  large  in  size  and  excellent  in  flesh,  unsurpassed  in 
fish  diowders.  Of  the  American  species  Carangus  chrysos, 
called  yellow  mackerel,  is  the  most  abimdant,  ranging  from  Cape 
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Cod  southward.  This  is  an  elongate  species  of  moderate  size. 
The  cavalla,  or  jiguagua,  Carangus  hippos,  known  by  the  black 
spot  on  the  opercle,  with  another  on  the  pectoral  fin,  is  a  widely 
distributed  species  and  one  of  the  largest  of  the  tribe.  Another 
important  food-fish  is  the  horse-eye- jack,  or  jurel,  Carangus 
latus,  which  is  very  similar  to  the  species  called  ulua  in  the  Pacific. 
The  black  jack,  or  tinosa,  of  Cuba,  Carangus  funebris,  is  said  to  be 
often  poisonous.  This  is  a  very  large  species,  black  in  color, 
the  sale  of  which  has  been  long  forbidden  in  the  markets  of 
Havana.  The  young  of  different  species  of  Carangus  are  often 
fotmd  taking  refuge  under  the  disk  of  jelly-fishes  protected  by  the 
stinging  feelers.  The  species  of  the  genus  Carangus  have  well- 
developed  teeth.  In  the  restricted  genus  of  Caranx  proper,  the 
jaws  are  toothless.  Caranx  speciosus,  golden  with  dark  cross- 
bands,  is  a  large  food-fish  of  the  Pacific.  Citula  armata  is  another 
widely  distributed  species,  with  some  of  the  dorsal  rays  produced 
in  long  filaments. 

In  Alectis  ciliaris,  the  cobbler-fish,  or  threadfish,  the  arma- 
ture of  the  tail  is  very  slight  and  each  fin  has  some'  of  its  rays 
drawn  out  into  long  threads.  In  the  young  these  are  very 
much  longer  than  the  body,  but  with  age  they  wear  off  and 
grow  shorter,  while  the  body  becomes  more  elongate.  In 
Vomer,  Selene,  and  Chloroscombrus  the  bony  armature  of  the 
tail,  feeble  in  Alectis,  by  degrees  entirely  disappears. 

Vomer  setipinnis,  the  so-called  moonfish,  or  jorobado,  has 
the  body  greatly  elevated,  compressed,  and  distorted,  while  the 
fins,  growing  shorter  with  age,  become  finally  very  low.  Selene 
vomer,  the  horse-head-fish,  or  look-down,  is  similarly  but  even 
more  distorted.  The  fins,  filamentous  in  the  young,  grow 
shorter  with  age,  as  in  Vomer  and  Alectis.  The  skeleton  in  these 
fishes  is  essentially  like  that  of  Carangus,  the  only  difference 
lying  in  the  compression  and  distortion  of  the  bones.  Chloro- 
scomhrus  contains  the  casabes,  or  bumpers,  thin,  dry,  com- 
pressed fish,  of  little  value  as  food,  the  bony  armature  of  the 
tail  being  wholly  lost. 

To   the   genus    Trachinotus   belong   the    pampanos,    broad- 
bodied,  silvery  fishes,  toothless  when  adult,  the  bodies  cov« 
with  small  scales  and  with  no  bony  plates. 

The   true   pampano,    Trachinotus   carolinus,   13   one   of 
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finest  j£  all  food-fishes,  ranking  with  the  Spanish  mackerel  and 
to  be  cooked  in  the  same  way,  only  by  broiling.  The  flesh  is 
white,  firm,  and  flaky,  with  a  moderate  amount  of  delicate  oil. 
It  has  no  especial  interest  to  the  angler  and  it  is  not  abundant 
enough  to  be  of  great  commercial  importance,  yet  few  fish 
bring  or  deserve  to  bring  hi^er  prices  in  the  markets  of  the 


no.  886.— The  Fampuko,  Traehiiutu*  earotinu*  (Uniueus).    Wood's  Hcd«. 


epicures.  The  species  is  most  common  along  our  Gulf  coast, 
ranging  northward  along  the  CaroUnas  as  far  as  Cape  Cod. 

Pampano  in  Spanish  means  the  leaf  of  the  grape,  from  the 
broad  body  of  the  fish.  The  spelling  "pompano"  should  there- 
fore be  discouraged. 

The  other  pampanos,  of  which  there  are  several  in  tropical 
America  and  Asia,  are  little  esteemed,  the  flesh  being  dry  and 
relatively  flavorless.  Trachinotus  palometa,  the  gafftopsail  pam- 
pano, has  very  high  fins  and  its  sides  have  four  black  bands 
like  the  marks  of  a  grill.  The  round  pampano,  Trachinotus 
falcatus,  is  common  southward,  as  is  also  the  great  pampano, 
Trachinotus  goodei,  which  reaches  a  length  of  three  feet.  Trach- 
inotus ovatus,  a  lai^e  deep-bodied  pampano,  is  common  in 
Polynesia  and  the  East  Indies.  No  pampanos  are  found  in 
Europe,  but  a  related  genus,  Lichia,  contains  species  which  much 
resemble  them,  but  in  which  the  body  is  more  elongate  and 
the  mouth  larger. 

Numerous  fossils  are  referred  to  the  Carangidm  with  more 
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or  less  certainty.  Aipichthys  prettosus  and  other  species  occtir 
in  the  Cretaceous.  These  are  deep-bodied  fishes  resembling 
Seriola,  having  the  falcate  dorsal  twice  as  long  as  the  anal  and 
the  ventral  ridge  with  thickened  scales.  Vomeropsis  (longispina 
elongata,  etc.),  also  from  the  Eocene,  with  rotmded  caudal,, 
the  anterior  dorsal  rays  greatly  elongate,  and  the  supraoccipital 
crest  highly  developed,  probably  constitutes  with  it  a  distinct 
family,  Vomeropsidce,  Several  species  referable  to  Carangus 
are  fotmd  in  the  Miocene.  ArchcBus  glarisianus,  resembling 
Carangus,  but  without  scales  so  far  as  known,  is  found  in  the 
Oligocene  of  Glarus;  Seriola  prisca  and  other  species  of  Seriola 
occur  in  the  Eocene;  Carangopsis  brevis,  etc.,  allied  to  Caranx, 
but  with  the  lateral  Une  imarmed,  is  recorded  from  the  Eocene 
of  France  and  Italy. 

Ductor  leptosomtis  from  the  Eocene  of  Monte  Bolca 
resembles  Naucrates;  Trachinotus  tenuiceps  is  recorded  from 
Monte  Bolca,  and  a  species  of  imcertain  relationship,  called 
Pseudovonter  mintitus,  with  sixteen  caudal  vertebrae  is  taken 
from  the  Miocene  of  Licata. 

The  Papagallos:  Nematistiidae. — Very  close  to  the  Carangidce, 
and  especially  to  the  genus  Seriola,  is  the  small  family  of 
NematistiidcE,  containing  the  papagallo,  Nematistius  pectoralis 
of  the  west  coast  of  Mexico.  This  large  and  beautiful  fish  has 
the  general  appearance  of  an  amber-fish,  but  the  dorsal  spines 
are  produced  in  long  filaments.  The  chief  character  of  the 
family  is  foimd  in  the  excessive  division  of  the  rays  of  the 
pectoral  fins. 

The  Bluefishes:  Cheilodipteridae. — Allied  to  the  CarangidcB   is 
the  family  of  bluefishes  {Cheilodipteridcu,  or  Pomatomidce) .     The 
single  species  Cheilodipterus  saltatrix,  or  Pomatomus  saltatrix, 
known  as  the  bluefish,  is  a  large,  swift,  extremely  voracious  fish, 
common  throughout  most  of  the  warmer  parts  of  the  Atlantic, 
but   very   irregularly   distributed   on   the   various   coasts.     Its 
distribution  is  doubtless  related  to  its  food.     It  is  more  abur 
dant  on  our  Eastern  coast  than  anywhere  else,  and  its  i 
food   here   is   the   menhaden.     The   bluefish   differs  from 
CarangtdcB  mainly  in  its  larger  scales,  and  in  a  slight  seme 
of  the  bones  of  the  head.     Its  flesh  is  tender  and  easily  t 
As  a  food-fish,  rich,  juicy,  and  delicate,  it  has  few  suf 
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Its  maximtun  weight  is  from  twelve  to  twenty  pounds,  but 
most  of  those  taken  are  much  smaller.  It  is  one  of  the  most 
voracious  of  all  fish.  Concerning  this.  Professor  Baird  obser\-es: 
"There  is  no  parallel  in  point  of  destructiveness  to  the 
bluefish  among  the  marine  species  on  our  coast,  whatever  may 
be  the  case  among  some  of  the  carnivorous  fish  of  the  South 
American  waters.  The  bluefish  has  been  well  likened  to  an 
animated  chopping-machine  the  business  of  which  is  to  cut 
to  pieces  and  otherwise  destroy  as  many  fish  as  possible  in  a 


Fig.  S8T.— Bluefish,  CheilodipleTus  mitalrix  (L.).     New  York. 

given  space  of  time.  All  writers  are  unanimous  in  regard  to 
the  destructiveness  of  the  bluefish.  Going  in  large  schools 
in  pursuit  of  fish  not  much  inferior  to  themselves  in  size,  they 
move  along  like  a  pack  of  hungry-  wolves.  destrovTng  every- 
thing before  them.  Their  trail  is  marked  by  fragments  of  fish 
and  by  the  stain  of  blood  in  the  sea,  as,  where  the  fish  is  too 
large  to  be  swallowed  entire,  the  hinder  ponion  will  l>e  bitten 
off  and  the  anterior  part  allowed  tn  flniit  away  or  sink.  It  is 
even  maintained  with  great  eamcstness  that  such  is  the  glut- 
tony of  the  fish,  that  when  the  st<jmach  becomes  full  the  con- 
tents are  disgorged  and  then  again  filled.  It  is  certain  that 
it  kills  many  more  fish  than  it  requires  fur  its  own  support. 

"The  youngest  fish,  equally  with  the  older,  lUTf.irm  this 
function  of  destruction,  and  although  they  occasii'nally  devour 
crabs,  worms,  etc.,  the  bulk  of  their  sustenance  throughout 
the  greater  part  of  the  year  is  deri\ed  from  nther  fish.  Noth- 
ing is  more  common  than  to  find  a  small  bluotish  of  six.  or  eight 
inches  in  length  under  a  scho4,>l  of  minnows  making  continual 
dashes  and  captures  among  them.     The  stomachs  of  the  blue- 
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fish  of  all  sizes,  with  rare  exceptions,  are  fotind  loaded  with 
the  other  fish,  sometimes  to  the  number  of  thirty  or  forty, 
either  entire  or  in  fragments. 

**  As  already  referred  to,  it  must  also  be  borne  in  mind  that 
it  is  not  merely  the  small  fry  that  are  thus  devoured,  and  which 
it  is  expected  will  fall  a  prey  to  other  animals,  but  that  the  food 
of  the  bluefish  consists  very  largely  of  individuals  which  have 
already  passed  a  large  percentage  of  the  chances  against  their 
reaching  maturity,  many  of  them,  indeed,  having  arrived  at 
the  period  of  spawning.  To  make  the  case  more  clear,  let  us 
realize  for  a  moment  the  nimiber  of  bluefish  that  exist  on  our 
coast  in  the  simimer  season.  As  far  as  I  can  ascertain  by  the 
statistics  obtained  at  the  fishing-stations  on  the  New  England 
coast,  as  also  from  the  records  of  the  New  York  markets,  kindly 
furnished  by  Middleton  &  Carman,  of  the  Fulton  Market,  the 
capture  of  bluefish  from  New  Jersey  to  Monomoy  during  the 
season  amounts  to  no  less  than  one  million  individuals,  aver- 
aging five  or  six  potmds  each.  Those,  however,  who  have 
seen  the  bluefish  in  his  native  waters  and  realized  the  immense 
numbers  there  existing  will  be  qtiite  willing  to  admit  that 
probably  not  one  fish  in  a  thousand  is  ever  taken  by  man.  If, 
therefore,  we  have  an  actual  capttire  of  one  million,  we  may 
allow  one  thousand  millions  as  occurring  in  the  extent  of  our 
coasts  referred  to,  even  neglecting  the  smaller  ones,  which, 
perhaps,  should  also  be  taken  into  accoimt. 

"An  allowance  of  ten  fish  per  day  to  each  bluefish  is  not 
excessive,  according  to  the  testimony  elicited  from  the  fisher- 
men and  substantiated  by  the  stomachs  of  those  examined ; 
this  gives  ten  thousand  millions  of  fish  destroyed  per  day.  And 
as  the  period  of  the  stay  of  the  bluefish  on  the  New  England 
coast  is  at  least  one  himdred  and  twenty  days,  we  have  in 
round  numbers  twelve  himdred  million  millions  of  fish  devoured 
in  the  course  of  a  season.  Again,  if  each  bluefish,  averaging 
five  poimds,  devours  or  destroys  even  half  its  own  weight  of 
other  fish  per  day  (and  I  am  not  sure  that  the  estimate  of  some 
witnesses  of  twice  this  weight  is  not  more  nearly  correct),  we 
will  have,  during  the  same  period,  a  daily  loss  of  twenty-five 
himdred  million  potmds,  equal  to  three  hundred  thousand 
millions  for  the  season. 
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"This  estimate  applies  to  three  or  four  year  old  fish  of  at 
least  three  to  five  pounds  in  weight.  We  must,  however,  allow 
for  those  of  smaller  size,  and  a  himdred-fold  or  more  in  number, 
all  engaged  simultaneously  in  the  butchery  referred  to. 

"We  can  scarcely  conceive  of  a  number  so  vast;  and  how- 
ever much  we  may  diminish,  within  reason,  the  estimate  of  the 
nimiber  of  bluefish  and  the  average  of  their  capture,  there 
still  remains  an  appalling  aggregate  of  destruction.  While  the 
smallest  bluefish  feed  upon  the  diminutive  fry,  those  of  which 
we  have  taken  account  capture  fish  of  large  size,  many  of  them, 
if  not  capable  of  reproduction,  being  within  at  least  one  or 
two  years  of  that  period. 

**  It  is  estimated  by  very  good  authority  that  of  the  spawn 
deposited  by  any  fish  at  a  given  time  not  more  than  30  per 
cent,  are  hatched,  and  that  less  than  10  per  cent,  attain  an  age 
when  they  are  able  to  take  care  of  themselves.  As  their  age 
increases  the  chances  of  reaching  maturity  become  greater  and 
greater.  It  is  among  the  small  residuimi  of  this  class  that  the 
agency  of  the  bluefish  is  exercised  and  whatever  reasonable 
reduction  may  be  made  in  our  estimate,  we  cannot  doubt  that 
they  exert  a  material  influence. 

**The  rate  of  growth  of  the  bluefish  is  also  an  evidence  of 
the  immense  amount  of  food  they  must  consume.  The  young 
fish  which  first  appear  along  the  shores  of  Vineyard  Soimd, 
about  the  middle  of  August,  are  about  five  inches  in  length. 
By  the  beginning  of  September,  however,  they  have  reached 
six  or  seven  inches,  and  on  their  reappearance  in  the  second 
year  they  measure  about  twelve  or  fifteen  inches.  After  this 
they  increase  in  a  still  more  rapid  ratio.  A  fish  which  passes 
eastward  from  Vineyard  Sound  in  the  spring  weighing  five 
pounds  is  represented,  according  to  the  general  impression, 
by  the  ten-  to  fifteen -pound  fish  of  the  autumn.  If  this  be  the 
fact,  the  fish  of  three  or  four  pounds  which  pass  along  the 
coast  of  North  Carolina  in  March  return  to  it  in  October  weigh- 
ing ten  to  fifteen  pounds. 

'*As  already  explained,  the  relationship  of  these  fish  to  the 
other  inhabitants  of  the  sea  is  that  of  an  unmitigated  butcher; 
and  it  is  able  to  contend  successfully  with  any  other  species 
not  superior  to   itself  in   size.     It  is  not  known  whether    an 
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entire  school  ever  unite  in  an  attack  upon  a  particular  object  of 
prey,  as  is  said  to  be  the  case  with  the  ferocious  fishes  of  the 
South  American  rivers ;  should  they  do  so,  no  animal,  however 
large,  could  withstand  their  onslaught. 

"  They  appear  to  eat  anything  that  swims  of  suitable  size — 
fish  of  all  kinds,  but  perhaps  more  especially  the  menhaden, 
which  they  seem  to  follow  along  the  coast,  and  which  they 
atack  with  such  ferocity  as  to  drive  them  on  the  shore,  where 


Fk.  DHa. — Sttvron'.-t.'rii.  E/irk'/^.t-ninrn  tana/iam    Li:..-,^U£, ,     \!f^._». 


they  are  sometimes  piled  up  in  windrows  to  the  depth  of  a 
:-:ct  or  niore/' 

Tbe  Sciym-^'hf:  Bacfaycentrite.  —  The  Rjici' yientrida .  fir 
serjeart-fsbes.  are  '^r%^.  ".■r/r^.  s-xzf'.  v/rsuL-i'^-iS  shore  Sshes, 
■szth  iar^e  ^rrjn:hs  and  =nii."  ^eeth.  ran^^  rjorthiAcr-l  frr.rrL  th* 
■xarm  5e&s.  Tht  d'.rsal  =t-fn-e<  are  stj-.-t:  hrA  svr-:.  separate 
fnci  thie  ~,  and  th-e  V.-iv  i~  ahsost  c-.'lindrvjaL  s«r«Tki2&*  lOot 


E^rzearL'.-fih-  r»E:.-.hes   i   l-erir'-h  '.:'  iV-';:   n-.e  :t«-..     T:ie  ^st 
nja  tie  FTTtit  '.ru  =  sfrr^s^n-s  *:— 'j;=*-rs.     I',  ii  r=:btr  '^-imni-.c 

""in»ci':r2E.  •TCjen'is   ri5    vrrrrrtrr  ■i^-re'iati.'ns   s.s   fir  ts   /itt.::, 

Mr.  J'rinKr  lirus  i-^^sLiis  '■:  -':i»r  '■ri'-*£iT.»-r  c,s  i  £inrie-5&'r. 

"'In  sr&i*  bt  TTii^y  ■..»:  r-.'-j^'rJy  hktrrrtr;  '.-.  tbt  Er%.:  n.-r-btm 
pikt.  wT::h  i^  ^r-^-j^c  'zif^^^  ni"enei  '>n  tbt  '.irtri^,-!  Ht  is 
dark  gree::  on  *'»:  '-Jiivk.  -^jvnn^   ighier  '.n  th^  s-.irs.  '-."u'.  ''r* 
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distinguishing  characteristic  is  a  broad,  dark  collar  over  the 
neck,  irom  which  two  black  stripes  or  straps,  parting  on  the 
shoulders,  extend,  one  on  each  side,  to  the  tail.  He  looks  as 
if  harnessed  with  a  pair  of  traces,  and  his  behavior  on  a  fly-rod 
is  that  of  a  wild  horse.  The  first  one  that  I  struck,  in  the 
brackish  water  of  Hillsborough  River  at  Tampa,  gave  me  a 
hitherto  imknown  sensation.  The  tremendous  rush  was  not 
unfamiliar,  but  when  the  fierce  fellow  took  the  top  of  the  water 
and  went  along  lashing  it  with  his  tail,  swift  as  a  bullet,  then 
descended,  and  with  a  short,  sharp,  electric  shock  left  the  line 
to  come  home  free,  I  was  for  an  instant  confoimded.  It  was 
all  over  in  ten  seconds.  Nearly  every  fish  that  I  struck  after 
this  behaved  in  the  same  way,  and  after  I  had  got  *the  hang 
of  them '  I  took  a  great  many.'* 

The  Butter-fishes:  Stromateidae.  —  The  butter-fishes  {Stroma- 
tetdce)  form  a  large  group  of  small  fishes  with  short,  compressed 
bodies,  smooth  scales,  feeble  spines,  the  vertebrae  in  increased 
number  and  especially  characterized  by  the  presence  of  a  series 
of  tooth-like  processes  in  the  oesophagus  behind  the  pharyn- 
geals. The  ventral  fins  present  in  the  young  are  often  lost  in 
the  process  of  development. 

According  to  Mr.  Regan,  the  pelvic  bones  are  very  loosely 
attached  to  the  shoulder-girdle  as  in  the  extinct  genera  Platy- 
cormus  and  Homosofna.  This  is  perhaps  a  primitive  feature, 
indicating  the  line  of  descent  of  these  fishes  from  berycoid 
forms. 

We  unite  with  the  Sirontateidce  the  groups  or  families  of 
CentrolophidcB  and  Nomeidcc,  knowing  no  characters  by  which 
to  separate  them. 

Stromateiis  fiatohy  the  fiatola  of  the  Italian  fishermen,  is  an 
excellent  food-fish  of  the  ^Mediterranean.  Poronotus  triacart. 
thus,  the  harvest-fish,  or  dollar-fish,  of  our  Atlantic  coast,  is  a 
common  little  silvery  fish  six  to  ten  inches,  as  bright  and  almost 
as  round  as  a  dollar.  Its  tender  oily  flesh  has  an  excellent 
flavor.  Very  similar  to  it  is  the  poppy-fish  {Palometa  simillima) 
of  the  sandy  shores  of  California,  miscalled  the  "California 
pampano,*'  valued  by  the  San  Francisco  epicure,  who  pays 
large  prices  for  it  supposing  it  to  be  pampano,  although  admit- 
ting that  the  pampano  in  New  Orleans  has  firmer  flesh  and 
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better    flavor.    The    harvest-fish,    Peprilus    paru,    frequently 
taken  00    our  Atlantic  coast,  is  known  by  its   very  high  fins. 


-Hftcveat-fiah,  PeprUut  paru  (Linnsua).     Vir^ia. 


Stromateoides  argenteus,  a  much  larger  fish  than  any  of  these, 
is  a  very  important  species  on  the  coasts  of  China, 

Psenopsis  anomala  takes  the  place  of  our  butter-fishes  in 
Japan,  and  much  resembles  them  in  appearance  as  in  flavor. 

To  the  StromateidiB  we  also  refer  the  black  ruff  of  Europe, 
Centrolopkus  niger,  an  interesting  deep-sea  fish  rarely  straying 
to  our  coast.  Allied  to  it  is  the  black  rudder-fish.  Palinurich- 
thys  perciformis,  common  on  the  Massachusetts  coast,  where 
it  is  of  some  value  as  a  food-fish.  A  specimen  in  a  live-box 
once  drifted  to  the  coast  of  Cornwall,  where  it  was  taken  unin- 
jured, though  doubtless  hungry.  Other  species  of  ruff-  and 
rudder-fish  are  recorded  from  various  coasts. 

Allied  to  the  Stromateid<2  are  numerous  fossil  forms.  Omo' 
soma  sackelaltrtfe  and  other  species  occur  in  the  Cretaceous  at 
Mount   Lebanon.      Plalycormus  germanus,  with  ctenoid  scales 
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^^^^K                resembling  a  berycoid,  but  with  the  ventral  rays  I.  5.  occurs 
^^^^^H                in  the  t'pper  Cretaceous.     Closely  related  to  this  is  Berycopsis 
^^^^H                elegans.  vrith  smoother  sca'es.  from  the  English  Chalk- 
^^^^^H                       Gobimnorus  gronovti   (usually  called   Nomeus    gronovii),  the 
^^^^^H                Portuguese  man-of-war-fish,  is  a   neat  little  fish  about    three 
^^^^^H                inches  long,  common  in  the  Gulf 

1 

^^^^^H                of  Mexico  and  the  Gulf  Stream, 
^^^^^H               where  it  hides   from  its  enemies 
^^^^^H                among  the  poisoned  tentacles  of 
^^^^^H                 the       Portuguese        man-of-war. 
^^^^^H                Under    the    Portuguese    manof- 
^^^^^H                war  and  also   in  or  under  large 
^^^^^H                jelly-fishes  several  other  species 
^^^^^H                are     found,     notably     Carangus 
^^^^^H                medusicola    and    Pepritus    pant. 
^^^^^H                Many    small    species   of  Psews, 
^^^^^H                a  related  genus,  also  abound  in 
^^^^^H                the  warm  currents  from  tropical 

^^^^H                      The    Rag-fishes:     Icosteidse.  -- 
^^^^^H                i^ed  to    the    butter-fishes    are 
^^^^^H                the  deep-water    Icosieid(c,   fishes 
^^^^^H                of    soft,    limp    bodies    as    unre- 
^^^^^B                  sistent   as     a   wet   rag,     Icosteus 
^^^^^B                  anigmaticits    of     the    California 
^^^^^B                   coast    being    known    as    ragfish. 
^^^^^H                Sckedophilus  medusophagus  feeds 
^^^^^H                 on  medusie  and  salpa,  Uving  on 
^^^^^H                 the    surface    in   the    deep   seas. 
^^^^H                Mr.    Ogilby    thus    speaks    of    a 
^^^^^H                specimen  taken  in  Ireland: 
^^^^^H                        "It  was  the  most  delicate  adult 
^^^^^H                 twenty-four  hours  after  its  captur 
^^^^^H                the  intestines  fell  off  when  it  was  : 
^^^^^H                quite  soft  and  boneless."      A  relate 
^^^^H                lately  taken  by  Dr.  Charles  H.  Gilb< 
^^^^^^^^                        The  family  of  Acrotidce  contains 
^^^^^H                Acrotus  willotigkbyi,  allied  to  IcosU 
^^^^H^               and  with  the  vertebrae  very  numerc 
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1 

Fish,  Goliiomorua  yrtiiuriii.     Komi!) 
Strom-Umdie. 

.  fish  I  ever  handled;   within 

e  the  skin  of  the  belly  and 
lifted,  and  it  felt  in  the  hand 
d  species  (S.  heathi)  has  been 
ert  at  Monterey  in  California. 
1  a  single  species  of  large  size. 
ms,  but  without  ventral  fins 
>us.    The  type,  five  and  one- 
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quarter  feet  long,  was  thrown  by  a  storm  on  the  coast  of  Wash- 
ington, near  the  Qmnnault  agency. 

The  family  of  Zaproridw  contains  also  a  single  large  species, 
Zaprora  silenus,  without  ventrals,  but  scaly  and  firm  in  sub- 
stance. One  specimen  2\  feet  long  was  taken  at  Nanaimo  on 
Vancouver  Island  and  a  smaller  one  at  Victoria. 

The  Pomfrets:  Bramidae.  —  The  Bramidw  are  broad-bodied 
fishes  of  the  open  seas,  covered  with  firm  adherent  scales.  The 
flesh  is  firm  and  the  skeleton  heavy,  the  hypercoracoid  espe- 
cially much  dilated.  Of  the  various  species  the  pomfret,  or 
black  bream  (Brama  rati),  is  the  best  known  and  most  widely 
diffused.  It  reaches  a  length  of  two  to  four  feet  and  is  sooty  black 
in  color.  It  is  not  rare  in  Europe  and  has  been  occasionally 
taken  at  Grand  Bank  off  Xew^oimdland,  at  the  Bermudas,  off 
the  coast  of  Washington,  on  Santa  Catalina  Island,  and  in  Japan. 
It  is  an  excellent  food-fish,  but  is  seldom  seen  unless  driven 
ashore  by  storms. 

Steinegeria  rubescens  of  the  Gulf  of  Mexico  is  a  little-known 
deep-sea  fish  allied  to  Brama,  but  placed  by  Jordan  and  Ever- 
mann  in  a  distinct  family,  SteinegeriidcB. 

Closely  related  to  the  Bramidcc  is  the  small  family  of  Ptera- 
clidcB,  silvery  fishes  with  large  firm  scales,  living  near  the  sur- 
face in  the  ocean  currents.  In  these  fishes  the  ventral  fins 
are  placed  well  forward,  fairly  to  be  called  jugular,  and  the 
rays  of  the  dorsal  and  anal,  all  inarticulate  or  spine-like,  are 
excessively  prolonged.  The  species,  none  of  them  well  known, 
are  referred  to  four  genera — Pteraclis,  Bentenia,  Centropholist 
and  Velifer,  They  are  occasionally  taken  in  ocean  currents, 
chiefly  about  Japan  and  Madeira. 

Fossil  forms  more  or  less  remotely  allied  to  the  BramidcB  are 
recorded  from  the  Eocene  and  Miocene.  Among  these  are  Acan-- 
thonemus,  and  perhaps  Psetidovonier, 

The  Dolphins:  Coryphaenidae.  —  The  dolphins,  or  dorados 
{CorypluBnida:),  are  large,  swift  sea-fishes,  with  elongate,  com- 
pressed bodies,  elevated  heads,  sharp  like  the  cut-water  of  a 
boat,  and  with  the  caudal  fin  very  strong.  The  long  dorsal 
fin,  elevated  like  a  crest  on  the  head,  is  without  spines.  The 
high  forehead  characteristic  of  the  dolphin  is  developed  only  in 
the  adult  male.     The  flesh  of  the  dolphin  is  valued  as  food. 
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Its  colors,  golden-blue  with  deep-blue  spots,  fade  rapidly  at 
death,  though  the  extent  of  this  change  has  been  much  exag- 
gerated. '  Similar  changes  of  color  occur  at  death  in  most  bright- 
colored  fishes,  especially  in  those  with  thin  scales.  The  common 
dolphin,  or  dorado  {Coryphana  hippHrus),  is  found  in  all  warm 


Fio.  891. — Uolpbin  or  Dorado,  Coryphana  hippurtti  Unnnua.     New  Yt 


seas  swimming  near  the  surface,  as  usual  in  predatory  fishes, 
and  reaches  a  length  of  about  six  feet.  The  small  dolphin, 
CoryphtEna  equisetis,  rarely  exceeds  2\  feet,  and  is  much  more 
rare  than  the  preceding,  from  which  the  smaller  niunber  of 
dorsal  rays  (53  instead  of  60)  best  distinguishes  it.  Young 
dolphins  of  both  species  are  elongate  in  form,  the  crest  of  the 
head  not  elevated,  the  physiognomy  thus  appearing  very  differ- 
ent from  that  of  the  adult.  Goniognathus  corypluenoides  is  an 
extinct  dolphin  of  the  Eocene. 

The  name  dolphin,  belonging  properly  to  a  group  of  small 
whales  or  porpoises,  the  genus  Delphinus,  has  been  unfortu- 
nately used  in  connection  with  this  very  different  animal,  which 
bears  no  resemblance  to  the  mammal  of  the  same  name. 

Other  mackerel-like  families  not  closely  related  to  these 
occiu"  in  the  warm  seas.  The  Leiognathida:  are  small,  silvery 
tishes  of  the  East  Indies.  Letognathus  argentatus  (Equula)  is 
very  common  in  the  bays  of  Japan,  a  small  silvery  fish  of  mod- 
erate value  as  food.  Gassa  minuta,  similar,  with  strong  teeth, 
abounds  farther  south.  Leiogttathus  fasciatum  is  common  in 
Polynesia.  A  fossil  species  called  Parequula  albyi  occurs  in  the 
Miocene  of  Licata. 

The  Kurtidw  are  small,  short-bodied  fishes  of  the  Indian 
seas,  with  some  of  the  ribs  immovably  fixed   between   rings 
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fonned  by  the  ossified  cover  of  the  air-bladder  and  with  the 
hypocoracoid  obsolete.     Kurtus  indicus  is  the  principal  species. 

Tlw  Mviiida. — Near  the  KurtidtB  we  may  perhaps  place  the 
family  of  Menidee,  of  one  species,  Mene  maculata,  the  moon-fish 
of  the  open  seas  of  the  East  Indies  and  Japan.  This  is  a  small 
fish,  about  a  foot  long,  with  the  body  very  closely  compressed, 
the  fins  low  and  the  belly,  through  the  extension  of  the  pelvic 
bone,  a  good  deal  more  prominent  than  the  back.     The  ventral 


Fia.  8»3—Mtne 


(Bloch  ft  Schneider).    Family  Menids.    Japut. 


fins  have  the  usual  number  of  one  spine  and  five  soft  rays,  a 
character  which  separates  Mene  widely  from  Lampris,  which 
in  some  ways  seems  allied  to  it. 

Another  species  of  Menida  is  the  extinct  Gasteronemus 
riwmbeiis  of  the  Eocene  of  Monte  Bolca.  It  has  much  the  same 
form,  with  long  pubic  bones.  The  very  long  ventral  fins  are, 
however,  made  of  one  spine  and  one  or  two  lays.  A  second 
species,  Gasteronemus  oblongns,  is  recorded  from  the  same  rocks. 

The  Pempherida. — The  Pempiterida,  "deep-water  catalufas," 
or  "magifi."  are  rather  small  deep-bodied  fishes,  reddish  in 
color,  with  very  short  dorsal,  containing  a  few  graduated  spines. 
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and  with  a  very  long  anal  fin.    These  inhabit  tropical  seas  at 
moderate  depths.    Pempheris  bears  a  superficial  resemblance  to 


Fio.  808  — OfMUrvnrmv*  rhombeus  AgMsiz.    (Afur  Woodward.)    Menida. 


Beryx,  but,  according  to  Starks,  this  resonblance  is  not  borne 
out  by  the  anatomy.     Pempheris  muUeri  and  P.  poeyi  are  found 


Fio.  89*  — Cataluta  de  lo  Alto,  Pempherii  muUai  Poey.     Havana. 


in  the  West  Indies.     Petnpheris  otaitensis  and  P.  mangula  range 
through  Polynesia. 
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Very  close  to  the  Pempheridce  is  the  small  family  of  Bathy- 
clupeidcB.    These  are  herring-like  fishes,  much  compressed  and 


Jordan  &  Evertnann.     Gima,  Formosa. 


with  a  duct  to  the  air-bladder.  There  are  but  one  or  two  dorsal 
spines.  The  ventrals  are  of  one  spine  and  five  rays  as  in  perch, 
like  fishes,  but  placed  behind  the  pectoral  fins.  This  feature- 
due  to  the  shortening  of  the  belly,  is  regarded  by  Alcock,  the 
discoverer,  as  a  result  of  degeneration,  and  the  family  was 


Family  Luvaridie. 


placed  by  him  among  the  herrings.  The  persistent  air-duct 
excludes  it  from  the  Percesoces,  the  normally  formed  ventrals 
from  the  Berycoidei.     If  we  trust  the  indications  of  the  skeleton, 
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we  must  place  the  family  with  Pemplieris,  near  the  scombroid 
fishes. 

Luvarito. — ^Another  singular  family  is  the  group  of  Lotivars, 
LuvaricUB.  Luvaris  imperialis.  The  single  known  species  is  a  large, 
pliunp,  voracious  fish,  with  the  dorsal  and  anal  rays  all  un- 
branched,  and  the  scales  sctuf-life  over  the  smooth  skin.  It  is 
frequently  taken  in  the  Mediterranean,  and  was  foimd  on  the 
island  of  Santa  Catalina,  California,  by  Mr.  C.  F.  Holden. 

The  Square-tails:  Tetragonuridae. — The  Tetragonuridce  are  long- 
bodied  fishes  of  a  plump  or  almost  squarish  foim,  covered 
with  hard,  firm,  very  adherent  scales.  Tetragonurus  cuvieri,  the 
single  species,  called  square-tail,  or  escolar  de  natura,  is  a 
curious  fish,  looking  as  if  whittled  out  of  wood,  covered  with 
a  compact  armcwr  of  bony  scales,  and  swimming  very  slowly  in 
deep  water.  It  is  known  from  the  open  Atlantic  and  Medi- 
terranean and  has  been  once  taken  at  Woods  Hole  in  Massa- 
chusetts. According  to  Mr.  C.  T.  Regan  the  relations  of  this 
eccentric  fish  are  with  the  StromateidcB  and  BramickB,  the  skele- 
ton being  essentially  that  of  Stromateus,  and  Boulenger  places 
both  Tetragonurus  and  Stromateus  among  the  Percesoces, 

The  Crested  Band-fishes:  Lophotidae. — The  family  of  Lopho- 
tidcB  consists  of  a  few  species  of  deep-sea  fishes,  band-shaped, 
naked,  with  the  dorsal  of  flexible  spines  beginning  as  a  high 
crest  on  the  elevated  occiput.  The  first  spine  is  very  strong. 
The  ventrals  are  thoracic  with  the  normal  number,  I,  5,  of  fin- 
rays.  Lophotes  cepedianiis,  the  crested  bandfish,  is  occasionally 
taken  in  the  Mediterranean  in  rather  deep  water.  Lophotes 
ca pellet  is  rarely  taken  in  the  deep  waters  of  Japan. 

It  is  thought  that  the  Lophotidce  may  be  related  to  the 
ribbon-fishes,  Tceniosomi,  but  on  the  whole  they  seem  nearer 
to  the  highly  modified  Scombroidei,  the  Ptcraclidco  for 
example. 

In  a  natural  arrangement,  we  should  turn  from  the  Brami- 
dcp  to  the  AntigoniidcD  and  the  Ilarchtdce,  then  passing  over 
the  series  which  leads  through  Clicutodontidcu  and  Tcnthidce 
to  the  Plcctognaths.  It  is,  however,  necessary  to  include  here, 
alongside  the  mackerels,  though  not  closely  related  to  them,  the 
parallel  scries  of  perch-like  fishes,  which  at  the  end  become 
also   hopelessly  entangled,  through   aberrant  forms,  with  other 
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series  of  which  the  origin  and  relations  are  imperfectly  under- 
stood. As  the  relations  of  forms  cannot  be  expressed  in  a  linear 
series,  many  pages  must  intervene  before  we  can  take  up  the 
supposed  line  of  development  from  the  Scombroid  fishes  to 
those  called  Squamiptnnes. 


CHAPTER  XXXIII 

PERCOIDEA,   OR  PERCHLIKE  FISHES 

JERCOID  Fishes. — We  may  now  take  up  the  long 
series  of  the  Percoidea,  the  fishes  built  on  the  type 
of  the  perch  or  bass.  This  is  a  group  of  fishes  of 
diverse  habits  and  forms,  but  on  the  whole  representing  better 
than  any  other  the  typical  Acanthopterygian  fish.  The  group 
is  incapable  of  concise  definition,  or,  in  general,  of  any  defini- 
tion at  all;  still,  most  of  its  members  are  definitely  related 
to  each  other  and  bear  in  one  way  or  another  a  resemblance 
to  the  typical  form,  the  perch,  or  more  strictly  to  its  marine 
relatives,  the  sea-bass,  or  Serrantdce.  The  following  analysis 
gives  most  of  the  common  characters  of  the  group: 

Body  usually  oblong,  covered  with  scales,  which  are 
typically  ctenoid,  not  smooth  nor  spinous,  and  of  moderate 
size.  Lateral  line  'typically  present  and  concurrent  with 
the  back.  Head  usually  compressed  laterally  and  with  the 
cheeks  and  opercles  scaly.  Mouth  various,  usually  terminal 
and  with  lateral  cleft;  the  teeth  various,  but  typically  pointed, 
arranged  in  bands  on  the  jaws,  and  in  several  families  on  the 
vomer  and  i)alatine  bones  also,  as  well  as  on  the  pharyngeals; 
gill-rakers  usually  shar]),  stoutish,  armed  with  teeth,  but  some- 
times short  or  fcel)le;  lower  ])haryn^eals  almost  always  separate, 
usually  armed  with  cardiform  teeth;  third  upper  pharyngeal 
moderately  enlarged,  elongate,  not  artieulated  to  the  cranium, 
the  fourth  tyi)ieally  i)resent;  ^nlls  four,  a  slit  behind  the  fourth; 
gill  membranes  free  from  the  isthmus,  and  usually  not  con- 
nec^ted  with  each  other;  ]^seu(lol)ranehiic  typically  well 
develo])e(l.  Branehi()ste^^•Lls  few,  usually  six  or  seven.  No 
bony  stay  coiineeting  the  sul)orbital  ehain  to  the  preopercle. 
Opercular  bones   all   well   developed,    normal   in   position;    the 

I)re()i)erele   tyi>ically   serrate.       No   cranial   s]nnes.      Dorsal   fin 
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variously  developed,  but  always  with  some  spines  in  front, 
these  typically  stiff  and  pungent;  anal  fin  typically  short, 
usually  with  three  spines,  sometimes  with  a  larger  nimiber, 
rarely  with  none;  caudal  fin  various,  usually  limate;  pectoral 
fins  well  developed,  inserted  high;  ventral  fins  always  present, 
thoracic,  separate,  almost  always  with  one  spine  and  five  rays, 
the  AphredoderidcB  having  more,  a  few  SerranidcB  having  fewer. 
Air-bladder  usually  present,  without  air-duct  in  adult;  simple 
and  generally  adherent  to  the  walls  of  the  abdomen.  Stomach 
caecal,  with  pyloric  appendages,  the  intestines  short  in  most 
species,  long  in  the  herbivorous  forms.  Vertebral  coliunn  well 
developed,  none  of  the  vertebrae  especially  modified,  the  number 
10  +  14  =  24,  except  in  certain  extratropical  and  fresh-water 
forms,  which  retain  primitive  higher  numbers.  Shoulder-girdle 
normally  developed,  the  post-temporal  bifurcate  attached  to  the 
skull,  but  not  coossified  with  it;  none  of  the  epipleural  bones 
attached  to  the  center  of  the  vertebrae;  coracoids  normal,  the 
hypercoracoid  always  with  a  median  foramen,  the  basal  bones  of 
the  pectoral  (actinosts  or  pterygials)  normally  developed,  three  or 
four  in  number,  hour-glass-shaped,  longer  than  broad ;  premaxil- 
lary  forming  the  border  of  the  mouth  usually  protractile ;  bones 
of  the  mandible  distinct.     Orbitosphenoid  wanting. 

The  most  archaic  of  the  perch-like  types  are  apparently 
some  of  those  of  the  fresh  waters.  Among  these  the  process 
of  evolution  has  been  less  rapid.  In  some  groups,  as  the 
PercidcB,  the  great  variability  of  species  is  doubtless  due  to 
the  recent  origin,   the  characters  not  being  well  fixed. 

The  Pirate-perches:  Aphredoderidse. — Among  the  most  re- 
markable of  the  living  percoid  fishes  and  probably  the  most 
primitive  of  all,  showing  affinities  with  the  Salmopercce,  is  the 
pirate-perch,  Aphredoderus  say  anus,  a  little  fish  of  the  low- 
land streams  of  the  Mississippi  Valley.  The  family  of  Aphre- 
doderidcB agrees  with  the  berycoid  fishes  in  scales  and  structure 
of  the  fins,  and  Boulenger  places  it  with  the  Berycidae.  Starks 
has  shown,  however,  that  it  lacks  the  orbitosphenoid,  and  the 
general  osteology  is  that  of  the  perch-like  fishes.  The  dorsal 
and  anal  have  a  few  spines.  The  thoracic  ventrals  have  one 
spine  and  eight  rays.  There  is  no  adipose  fin  and  probably  no 
duct  to  the  air-bladder.     A  singular  trait  is  found  in  the  posi- 
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tion  of  the  vent.     In  the  adult  this  is  in  front  of  the  ventrai 
fins,  at  the  throat.     In  the  young  it  is  behind  the  ventral  fins 


FlO.   397. — Pirate  Perch,  Aphredoderut  tayanut  (Gilliams).     Illinoia  River, 


as  in  ordinary  fishes.  With  age  it  moves  forward  by  the  pro- 
longation of  the  horizontal  part  of  the  intestine  or  rectum' 
The  same  peculiar  position  of  the  vent  is  found  in  the  berycoid 
genus  Paratrachichthys. 

In   the    family   Aphredoderida:  but  one  species   is   known, 
Aphredoderus  sayanus,  the  pirate-perch.     It  reaches  a  length 


of  five  inches  and  lives  in  sluggish  lowland  streams  with  muddy 
bottom  from  New  Jersey  and  Minnesota  to  Louisiana.     It  is 
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is  oblong  and  compressed,  the  color  is  dull  green  crossed  by 
black  bars  or  blotches. 

The  Simfishes:  Centrarchidie. — The  large  family  of  Centrar- 
ckidcE,  or  simfishes,  is  especially  characteristic  of  the  rivers  of 
the  eastern  United  States,  where  the  various  species  are 
inordinately  abundant.  The  body  is  relatively  short  and 
deep,  and  the  axis  passes  through  the  middle  so  that  the  back 
has  much  the  same  outline  as  the  belly.  The  pseudobranchiae 
are  imperfect,  as  in  many  fresh-water  fishes,  and  the  head  is 
feebly  armed,  the  bones  being  usually  without  spines  or  serra- 
tures.  The  colors  are  often  brilliant,  the  sexes  alike,  and  all 
are  carnivorous,  voracious,  and  gamy,  being  excellent  as  food. 
The  origin  of  the  group  is  probably  Asiatic,  the  fresh-water 
serranoid  of  Japan,  Bryttosus,  resembling  in  many  ways  an 
American  sunfish,  and  the  genus  Kuhlia  cf  the  Pacific  showii^ 
many  homologies  with  the  black  bass,  Micropterus. 


Flo.  400  — Crappie,  Pamoxia  annularis  Rafineaque.     Ohio  River. 


Creppies  and  Rock  Bass.  —  Pomoxis  annularis,  the  crappie, 
and  Pomoxis  sparoides,  the  calico-bass,  are  handsome  fishes, 
valued  by  the  angler.  These  are  perhaps  the  most  prim- 
itive of  the  family,  and  in  these  species  the  anal  fin  is 
larger  than  the  dorsal.  The  flier,  or  round  bass,  Cenlrarchus 
fttacropterus,  with  eight  anal  spines,  is  abundant  in  swamps 
and  lowland  ponds  of  the  Southern  States.  It  is  a  pretty  fish, 
attractive  in  the  aquarium.  Acantharchus  pomotis  is  the 
mud-bass    of   the    Delaware,  and    Archoplites   interrupius,    the 
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"perch"  of  the  Sacramento.     The  latter  is  a  large  and  gamy 
fish,  valued  as  food  and  interesting  as  being  the  only  fresh- 


FiG.  402. — Itoek  Bubs,  Amblo/itites  rnjieKtrin  (Rofineaque.)     Ecoree,  Mich. 


water  fish  of  the  nature  of  perch  or  bass  native  to  the  west  of 
the  Rocky  Mountains.     The  numbers  of  this  species,  according 


Fio.  408.^Bftndod  Sunfish,  Metogonistius  eturtodon  (Baird).    Delaware  Rivi 


to  Mr,  Will  S.  Green  of  Colusa,  California,  have  been  greatly 
reduced  by  the  introduction  of  the  catfish  (Anteiurus  »ebnlosus) 
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into  the  Sacramento.    The  perch  eats  the  young  catfish,  and 
its  stomach  is  torn  by  their  sharp  pectoral  spines.     Another 


Fio.  404.— Blue-Rill,  LepomU  paUidut  (Mitchill).     Potomac  River. 


species  of  this  type  is  the  warmouth   {Chcenobrytltts  gulosns) 
of  the  ponds  of  the  South,  and  still  more  familiar  rock-bass 


Fio.  400.  — rj)nK-«ared 
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■iut-«ared    Hiinfi.-'h,    J^.pffitu    mfonlni'*     'RafitiMqii^l. 
Creek,  Bloocaington,  InriianA,      Family  Cmtrire.hiiim, 

or  redeye   (Ambloplites  rupestris)   of  the  more  northern  lakes 
and  rivers  valued  as  a  game-  and  food-fLsh.     A  very  pretty 


51 6  Percoidea^  or  Perch-like  Fishes 

aqoarium  fish  is  the  black-banded  sunfish,  Mesopmistius  duEta- 
doti,  of  the  Delaware,  as  also  the  nine-spined  sunfish,  Enneacan- 
thus  gloriosus,  of  the  coast  streams  southward.  Apomotis  cyawl- 
lus,  the  blue-green  sunfish  or  little  redeye,  is  very  widely  dis- 
tributed from  Ohio  westward,  living  in  every  brook.  The  dis- 
section of  this  species  is  given  on  page  a6.  To  Lepomis  belong 
numerous  species  having  the  opercle  prolonged  in  a  long  flap 
which  is  always  black  in  color,,  of  ten  with  a  tx>rder  of  scarlet  or 
blue.  The  yellowbelly  of  the  South  {Lepomis  auritus),  ear-lil^ 
the  showily  colored  long-eared  sunfi^  {Lepomis  megalotis)  of  the 


Flo.  406. — Common  Sunfish,  Eitpomotit  gilborua  (\.\aas'\is).     Root  River,  Wis, 

southwest,  figured  on  page  2,  the  bluegill  {Lepomis  pallidus), 
abundant  everjn,vhere  south  and  west  of  \ew  York,  are  mem- 
bers of  this  genus.  The  genus  Ftipomolis  thffers  in  its  larger 
pharyngeals,  which  are  armed  with  blunt  teeth.  The  common 
sunfish,  or  pumpkinseed,  Eiipomotis  gibbosns,  is  the  most  familiar 
representative  of  the  family,  abounding  everywhere  from  Min- 
nesota to  New  England,  then  south  to  Carolina  on  the  east  slope 
of  the  Alleghanies,  breeding  everywhere  in  ponds  and  in  the 
eddies  of  the  clear  brooks. 

The  Black  Bass. — The  black  bass  (Micropierus)  belong  to  the 
same  family  as  the  sunfish,  differing  in  the  larger  size,  more 
elongate  form,  and  more  voracious  habit.     The  two  species  are 
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among  the  most  important  of  American  game-fishes,  abottnding 
in  all  clear  waters  east  of  the  Alleghanies  and  resisting  the  evils 
of  civilization  far  better  than  the  trout. 

The  small-mouthed  black  bass,  Micropterus  dolomieu,  is  the 
most  valuable  of  the  species.  Its  mouth,  although  large,  is 
relatively  small,  the  cleft  not  extending  beyond  the  eye.  The 
green  coloration  is  broken  in  the  yoimg  by  bronze  cross-bands. 
The  species  frequents  only  running  streams,  preferring  clear 
and  cold  waters,  and  it  extends  its  range  from  Canada  as  far 
to  the  southward  as  such  streams  can  be  fovind.  Dr.  James  A. 
Henshall,  an  accomplished  angler,  author  of  the  **  Book  of  the 
Black  Bass,**  says:  **The  black  bass  is  eminently  an  American 
fish;  he  has  the  faculty  of  asserting  himself  and  of  making 
himself  completely  at  home  wherever  placed.  He  is  plucky, 
game,  brave,  imyielding  to  the  last  when  hooked.  He  has  the 
arrowy  rush  and  vigor  of  a  trout,  the  vintiring  strength  and 
bold  leap  of  a  salmon,  while  he  has  a  system  of  fighting  tactics 
peculiarly  his  own.  I  consider  him  inch  for  inch  and  poimd 
for  poimd  the  gamest  fish  that  swims.'* 

In  the  same  vein  Charles  Hallock  writes:  **No  doubt  the 
bass  is  the  appointed  successor  of  the  trout;  not  through  heri- 
tage, nor  selection,  nor  by  interloping,  but  by  foreordination. 
Truly,  it  is  sad  to  contemplate,  in  the  not  distant  future,  the 
extinction  of  a  beautiful  race  of  creatures,  whose  attributes 
have  been  sving  by  all  the  poets;  but  we  regard  the  inevitable 
with  the  same  calm  philosophy  with  which  the  astronomer  watches 
the  burning  out  of  a  world,  knowing  that  it  will  be  succeeded 
by  a  new  creation.  As  we  mark  the  soft  varitinted  flush  of 
the  trout  disappear  in  the  eventide,  behold  the  sparkle  of  the 
coming  bass,  as  he  leaps  in  the  morning  of  his  glory !  We  hardly 
know  which  to  admire  the  most — the  velvet  livery  and  the 
charming  graces  of  the  departing  courtier,  or  the  flash  of  the 
armor-plates  of  the  advancing  warrior.  The  bass  will  unques- 
tionably prove  himself  a  worthy  substitute  for  his  predecessor 
and  a  candidate  for  a  full  legacy  of  honors. 

'*  No  doubt,  when  every  one  of  the  older  states  shall  become 
as  densely  settled  as  Great  Britain  itself,  and  all  the  rural  aspects 
of  the  crowded  domain  resemble  the  suburban  surroundings 
of  our  Boston;   when  every  featiu"e  of  the  pastoral  landscape 
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shall  wear  the  finished  appearance  of  Etiropeaii  lands,  and  every 
verdant  field  be  closely  cropper!  by  lawn-mowers  and  guarded 
by  hedges,  and  every  purling  stream  which  meanders  through 
it  has  its  water-bailiff,  we  shall  still  have  speckled  trout  from 
which  the  radiant  spots  have  faded,  and  tasteless  fish,  to  catch 
at  a  dollar  a  pound  (as  we  already  have  on  Long  Island),  and 
all  the  appurtenances  and  appointments  of  a  genuine  English 
trouting  privilege  and  a  genuine  English  'outing.' 

"In  those  future  days,  not  long  hence  to  come,  some  ven- 
erable piscator,  in  whose  memory  still  Hngers  the  joy  of  fishing, 
the  brawling  stream  wliich  tumbled  over  the  rocks  in  the  tangled 
wildwood,   and  moistened   the  arbutus  and  the  bunchberries 


Fio.  407.— Small  Mouth  Black  BasB  Mieropterus  dnlomieu  LaeiVie. 

wliich  garnished  its  banks,  will  totter  forth  to  the  velvet  edge 
of  some  peacefully  flowing  stream,  and  having  seated  himself 
on  a  convenient  point  in  a  revolving  easy-chair,  placed  there 
by  his  careful  attendant,  cast  right  and  left  for  the  semblance 
of  sport  long  dead. 

"Hosts  of  liver-fed  fish  rush  to  the  signal  for  their  early 
morning  meal,  and  from  the  center  of  the  boil  which  follows 
the  fall  of  the  handfuls  thrown  in  my  piscator  of  the  ancient 
days  will  hook  a  two-pound  trout,  and  play  him  hither  and  yon, 
from  surface  to  bottom,  without  disturbing  the  pampered  gour- 
mands which  are  gorging  themselves  upon  the  disgusting  viands ; 
and  when  he  has  leisurely  brought  him  to  land  at  last,  and  the 
gillie  has  scooped  him  with  his  landing-net,  he  ^-ill  feel  in  his 
capacious  pocket  for  his  last  trade  dollar,  and  giving  his  friend 
the  tip,  shuffle  back  to  his  house,  and  lay  aside  his  rod  forever." 
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The  black  bass  is  now  introduced  into  the  streams  of  Europe 
and  California.  There  is  little  danger  that  it  will  work  injury 
to  the  trout,  for  the  black  bass  prefers  limestone  streams,  and 
the  trout  rarely  does  well  in  waters  which  do  not  flow  over 
granite  rock  or  else  glacial  gravel. 

The  large-mouth  black  bass  {Mtcropicrus  salmoides)  is  very 
much  like  the  other  in  appearance.  The  mouth  is  larger,  in 
the  adult  cleft  beyond  the  eye;  the  scales  are  larger,  and  in 
the  young  there  is  always  a  broad  black  stripe  along  the  sides 
and  no  cross-bands.  The  two  are  found  in  the  same  region,  but 
almost  never  in  the  same  waters,  for  the  large-mouth  bass  is  a 
fish  of  the  lakes,  ponds,  and  bayous,  always  avoiding  the  swift 
currents.  The  yoimg  like  to  hide  among  w^eeds  or  beneath 
lily-pads.  From  its  preference  for  sluggish  waters,  its  range 
extends  farther  to  the  southward,  as  far  as  the  Mexican  State 
of  Tamaulipas. 

Plioplarchiis  is  a  genus  of  fossil  sunfishes  from  the  Eocene 
of  South  Dakota  and  Oregon.  Plioplarchus  sexspinosus,  sep- 
temspinosiis,  and  whitei  are  imperfectly  known  species. 

The  Saleles:  Kuhliite. — Much  like  the  simfishes  in  anatomy, 
though  more  like  the  white  perch  in  appearance  and  habit, 
are  the  members  of  the  little  family  of  Kuhliidcc,  These  are 
active  silvery  perches  of  the  tropical  seas,  ponds,  and  river- 
mouths,  especially  abimdant  in  Polynesia.  Kuhlia  malo  is 
the  aholehole  of  the  Hawaiians,  a  silvery  fish  living  in  great 
numbers  in  brackish  waters.  Kiihlia  rupestris,  the  salele  of  the 
Samoan  rivers,  is  a  large  swift  fish  of  the  rock  pools,  in  form,  color, 
and  habits  remarkably  like  the  black  bass.  It  is  silvery  bronze 
in  hue,  everywhere  mottled  with  olive-green.  The  sesele,  Kuhlia 
marguiata,  lives  with  it  in  the  rivers,  but  is  less  abimdant.  The 
saboti,  Kuhlia  Urniura,  a  large  silvery  fish  with  cross-bands  on 
the  caudal  fin,  lives  about  lava-rocks  in  Polynesia  from  the 
Galapagos  to  Samoa  and  the  East  Indies,  never  entering  rivers. 
Still  other  species  are  found  in  the  rock  pools  and  streams  of 
Japan  and  southward. 

The  skeleton  in  Kuhlia  is  essentially  like  that  of  the  black 
bass,  and  Dr.  Boulenger  places  the  genus  with  the  Centrarchidw. 

The  True  Perches:  Percite. — ^The  great  family  of  Percida 
includes  fresh-water  fishes  of  the  northern  hemisphere,   elon- 
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gate  in  body,  with  the  Tertebrae  in  increased  ntrmber  and  witii 
only  two  spines  in   the   anal  fin.     About   ninety-   species   are 
Tecorded,  the  -^'ast  maioritr  being  American.     The  dwarf  perches, 
called   darters   [Eiiieosicunincr  ,   are  esiKJciallv   characteristic   of 
the  dear  streams  to  the  eastward  of  the  plains  of  the  Missouri. 
These  constitute  one  of  the  greatest  attractions  of  our  American 
river  fauna.    They  diSer  from  the  7>erch  and  its  European  allies  in 
their  small  size,  bright  colars.  and  large  fins,  and  more  technic- 
ally in  the  rudimentar}'  cmdition  of  the  pseudobranchiae  and 
the  air-bladder,  both  of  which  -irgans  are  almost  inappreciable. 
The  preopercle  is  unarme'i.  and  t?ifc  num"h»er  of  the  branchioste- 
gals  is  six.     The  anLl  TJapilia  it  Ifk^^-ise  develoT>ed.  as  in  the 
Gobiidtr,  to  which  grrr:::-  the  darters  bear  a  cmsiderable  super- 
ficial resemblance,   whivr..   h^»wfr^er.  indicates  no  real  amnity. 
BfilatiaaB  of*  Darters  to  Perches.  —  The    colors  of  the  Eihc- 
osiomifKr,    or    darterb.    are    usuaDy   ver}*   ?)rilliant.    sT)ecie?    o: 
Eiheosioma  especially  Vjiri^^  am^ng  trie  m^>f^t  brilliantly  cr/nred 
fishes  knoiRTi;  the  se?:ual  difTer^r-i'jer  are  nft'r:  ^reat.  the  females 
being,  as  a  rule,  dul  ir.  fy/yrr  an-:  m^Te  sr^e^jkle'I  or  barre::  than 
the  males.     Most   iif  therr,  jr-efer  clear  ranning  water,   vrhere 
the\'  lie  c»n  the  bottorr.  c.^iceajed  under  stories,  dartinc.  wher. 
frightened  or  hungr}',  vr.\:.  ^eat  velocity  f^r  a  short  ilistanri-. 
by   a  powerful   movement    'A  the   far--shaT>e'J   T^ectorais.    then 
stopping  as  suddenly.     7?i'-y  rarely  use  the  cauda^.  f:n  in  swim- 
ming, and  they  are  seld'.cn  seen   floating  '■jt  mo'.-inc  free''y  in 
the  water  like  most  fjsrjen.     Wrjen  at  rest  they  support  then^- 
selves  cm  trieir  exTjaride']   ventrai-i  and  anal  fin.     All  '•:  thent 
can  turn  the  riead  from  side  f-  :-:ide,  and  they  frequent'y  he 
^•ith  the  head  in  a  curved  tioyrtior.  cr  TJartly  on  one  siiir  ■:»:  the 
body.     Trie  sjjeiies   of  Air.m-fC'^yptu.   and  T>erhaT>5  s'.me    :•:   the 
others,   j.refer   a   san-jy   VrittTr..    v/her^b.   y-y   a    su'j'jen   n^'iunrv. 
the  ftsh  btirie>=   itself  in   the   sand,    and  remains   ■::tiie>?e'nt   f'^r 
hours   at   a   time   witr.    '^^c.ly   it-    eyes    and    srr'-jt   ^-isfr-ie.     The 
others  lurk  in  stonv  ;»laoes..  under  rocks  an '2  weeds      .^Jth'^urh 
more  than  usually  tenaci'.rjv  'A  vitality,  tl-ie  darters,  fronr.  their 
bottom  life,  are  trie  first  v.-  "v^e  disttr'r»ed  *' y  impurities  in  the 
water.     All  the  darters  are  camiv^jr^jus.  feeding  crieny  :in  the 
larv'ae  of  Dipier:i,  iLTi'i  in  tlneir  way  voracious.     All  are  of  small 
Bise;  the  largest  {Percina  rexj  reaches  a  length  of  six  inches. 
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while  the  smallest  {Microperca  punctulata)  is  one  of  the  small- 
est spiny-rayed  fishes  known,  barely  attaining  the  length  of 
an  inch  and  a  half.  In  Europe  no  EtheostomintB  are  found, 
their  place  being  filled  by  the  genera  Zingel  and  Aspro,  which 
bear  a  strong  resemblance  to  the  American  forms,  a  resemblance 
which  may  be  a  dew  to  the  origin  of  the  latter. 

The  Perches. — The  European  perch,  Perca  fiuviaHliSt  is 
placed  by  Cuvier  at  the  head  of  the  fish  series,  as  representing 
in  a  high  degree  the  traits  of  a  fish  without  sign-  of  incomplete 
development  on  the  one  hand  or  of  d^radation  on  the  other. 
Doubtless  the  increased  number  of  the  vertebrae  is  the  chief 
character  which  would  lead  us  to  call  in  question  this  time- 
honored  arrangement.  Because,  however,  the  perch  has  a 
relatively  degenerate  vertebral  colunm,  we  have  used  an  allied 
form,  the  striped  bass,  as  a  fairer  type  of  the  perfected  spiny- 
rayed  fish.  Certainly  the  bass  represents  this  type  better  than 
the  perch. 

But  though  we  may  regard  the  perch  as  nearest  the  typically 
perfect  fish,  it  is  far  from  being  one  of  the  most  highly  specialized, 
for,  as  we  have  seen  in  several  cases,  a  hi^  degree  of  speciali- 
zation of  a  particular  structure  is  a  first  step  toward  its  d^^- 
dation. 

The  perch  of  Europe  is  a  common  game-fish  of  the  rivers. 
The  yellow  perch  of  America  (Perca  flavescens)  is  very  much 
like  it,  a  little  brighter  in  color,  olive  and  golden  with  dusky 
cross-bands.  It  frequents  quiet  streams  and  ponds  from  Min- 
nesota eastward,  then  southward  east  of  the  AUeghanies.  "As 
a  still-pond  fish,"  says  Dr.  Charles  Conrad  Abbott,  **if  there  is 
a  fair  supply  of  spring-water,  they  thrive  excellently;  but  the 
largest  specimens  come  either  from  the  river  or  from  the  inflow- 
ing creeks.  Deep  water  of  the  temperature  of  ordinary  spring- 
water,  with  some  current  and  the  bed  of  the  stream  at  least 
partly  covered  with  vegetation,  best  suits  this  fish."  The 
perch  is  a  food-fish  of  moderate  quality.  In  spite  of  its  beauty 
and  gaminess,  it  is  little  sought  for  by  our  anglers,  and  is  much 
less  valued  with  us  than  is  the  European  perch  in  England. 
But  Dr.  Goode  ventures  to  prophesy  that  **  before  many  years 
the  perch  will  have  as  many  followers  as  the  black  bass  among 
those  who  fish  for  pleastn*e"  in  the  region  it  inhabits.     **A 
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fish  for  the  people  it  is.  we  will  grant,  and  it  is  the  anglers  from 
among  the  people  who  have  neither  time  nor  patience  for  long 
trips  nor  complicated  tackle  who  will  prove  its  steadfast  friends." 
The  boy  values  it,  accordii^  to  Thoreau.  ^"hen  he  returns 
from  the  raill-pond,  he  numbers  his  perrh  bls  "real  fishes." 
'*  So  many  unquestionable  fish  he  counts,  and  so  many  chubs, 
which  be  counts,  then  throws  away." 

In  the  perch,  the  oral  \-alves,  characteristic  of  all  bony  fishes, 
are  well  developed-     These  structures  recently  investigated  by 


Fio.  409.— Yellow  Perch,  Perot  flaeetrtm  Mitchill.     Potonuc  Rii-er. 


Evel\-n  G.  Mitchill,  fonn  a  fold  of  connective  tissue  just  behind 
the  premaxillary  and  before  the  vomer.  They  are  used  in  respi- 
ration, preventing  the  forw-ard  flow  of  water  as  the  mouth  closes. 

Several  perch-like  fishes  are  recorded  as  fossils  from  the 
Miocene. 

Allied  to  the  perch,  but  long,  slender,  big-mouthed,  and 
voracious,  is  the  group  of  pike  perches,  found  in  eastern  America 
and  Europe.  The  wal]-e\'e,  or  glass-eye  {Sli::osteJion  vitrcum),  is 
the  largest  of  this  tribe,  reaching  a  weight  of  ten  to  twenty 
pounds.  It  is  found  throughout  the  region  east  of  the  Mis- 
souri in  the  large  streams  and  ponds,  an  excellent  fotid-fish, 
with  white,  flaky  flesh  and  in  the  north  a  game  fish  of  liigh 
rank.  The  common  names  refer  to  the  large  glassy  eyo,  con- 
cerning which  Dr.  Goode  quotes  from  some  "ardent  adniiror" 
these  words:  "Look  at  this  beautiful  fish,  as  symmetrical  in 
form  as  the  salmon.     Not  a  fault  in   his  make-up,  not  a  scale 
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disturbed,  every  fin  perfect,  tail  clean-cut,  and  his  great,  big 
wall-eyes  stand  out  with  that  life-like  glare  so  characteristic  of 
the  fish." 

Kmilar  to  the  wall-eye,  but  much  smaller  and  more  trans- 
lucent in  cc^,  is  the  sauger,*^  sand-pike,  of  the  Great  Lalffisand 


Fia.  410.— Sftuger,  StUotltdiim  canadtui  (SmitlO- 


Northern  rivers,  Stizostedion  canadense.  This  fish  rarely  exceeds 
fifteen  inches  in  lei^th,  and  as  a  food-fish  it  is  of  correspond- 
ingly less  importance. 

ITie  pike-perch,  or  zander,  of  central  Europe,  Centropomus 
(or  Sandrus)  lucioperca,  is  an  excellent  game-fish,  similar  to 


the  sauger,  but  larger,  characterized  technically  by  having  the 
ventral  fins  closer  together.  Another  species,  Centropomus  vol- 
gensis,  in  Russia,  looks  more  like  a  perch  than  the  other  species 
do.  SandToserrus,  a  fossil  pike-perch,  occurs  in  the  Pliocene. 
Another  European  fish  related  to  the  perch  is  the  river  ruff, 
or  pope,  Acerina  cernua,  which  is  a  small  fish  with  the 
form  of  a  perch  and  with  conspicuous  mucous  cavities  in 
the  skull.      It  is  common  throughout  the   north    of    Europe 
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and  especially  abundant  at  the  confluence  of  rivers.  (Jymno- 
cephaltts  schrcetzer  of  the  Danube  has  the  head  still  more  cav- 
ernous. Percarina  demidoffi  of  southern  Russia  is  another 
dainty  little  fish  of  the  general  type  of  the  perch.  A  fossil 
genus  of  this  type  called  Smcrdis  is  numerously  represented  in 
the  Miocene  and  later  rocks.  The  aspron,  Aspro  asper,  is 
a  species  like  a  darter  found  lying  on  the  bottoms  of  swift  rivers, 
especially  the  Rhone.  The  body  is  elongate,  with  the  paired 
fins  highly  developed.  Zingel  zingel  is  found  in  the  Danube, 
as  is  also  a  third  species  called  Aspro  streber.  In  form  and 
coloration  these  species  greatly  resemble  the  American  darters, 
and  the  genus  Zingel  is,  perhaps,  the  ancestor  of  the  entire 
group.  Zingel  differs  from  Percina  mainly  in  having  seven 
instead  of    six  branchiostegals  and  the  pseudobranchia;  better 


\\U&h2 


Pto.  412.— The  Zin^I,  Zingd  tingd  (Linnsus).  D&Dube  River.  (After  Seeljre.) 
developed.  The  differences  in  these  and  other  regards  which 
distinguish  the  darters  are  features  of  degradation,  and  they 
are  also  no  doubt  of  relatively  recent  acquisition.  To  this 
fact  we  may  ascribe  the  difficulty  in  finding  good  generic  char- 
acters within  the  group.  Sharply  defined  genera  occur  where 
the  intervening  types  are  lost.  The  darter  is  one  of  the  very 
latest  products  in  the  evolution  of  fishes. 

The  Darters:  Etheostomins.  —  Of  the  darters,  or  etheosto- 
mine  perches,  over  fifty  species  are  known,  all  confined  to  the 
streams  of  the  region  bounded  by  Quebec,  Assiniboia,  Colo- 
rado, and  Nuevo  Leon.  All  are  small  fishes  and  some  of  them 
minute,  and  some  are  the  most  brilliantly  colored  of  all  fresh- 
water fishes  of  any  region,  the  most  ornate  belonging  to  the 
large  genus  called  Etheoslonta.  The  largest  species,  the  most 
primitive  because  most  like  the  perch,  belong  to  the  genus  Percina. 
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First  among  the  darters  because  largest  in  size,  most  perch- 
like  in  structure,  and  least  d^^erate,  we  place  the  Idi^  darter, 
Perdna  rax  ci  the  Roanoke  River  in  Virginia.  This  species 
reaches  a  length  of  sx  inches,  is  handsomely  colored,  and  looks 
like  a  young  wall-eye. 

The  log-perch,  Percina  caprodes,  is  near  to  this,  but  a  little 
smaller,  with  the  body  surrounded  by  black  rings  alternately 


^ 


Fn.  41S.— Log-perch,  Pereina  oaprodei  (Rafineaque).    Uoldng  Co.,  Ohio. 

large  and  small.  In  this  widely  distributed  species,  large 
enough  to  take  the  hook,  the  air-bladder  is  present  although 
small.  In  the  smaller  species  it  vanishes  by  duress,  and  in 
proportion  as  in  their  habits  they  ding  to  the  bottom  ci  the 


The  genus  Hadropterus  includes  many  handscnne  species, 
most  of  them  with  a  black  lateral  band  widened  at  intervals. 


The  black-sided  darter,  Hadropterus  aspro,  is  the  best-known 

species  and  one  of  the  most  elegant  of  all  fishes,  abounding  in 

the  clear  gravelly  streams  of  the  Ohio  basin  and  northwestward. 

Hadropterus  evides  of  the  Ohio  region  is  still  more  brilliant, 
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■with  alternate  bands  of  dark  blue-green  and  orange-red,  most 
cxqiiisite  in  their  arrangement.  In  the  South,  Hadropterus 
nigrofasciaius,  the  crawl-a-bottom  of  the  Georgia  rivers,  is 
a  heavily  built  darter,  which  Vaillant  has  considered  the  ances- 
tral species  of  the  group.  Still  more  swift  in  movement  and 
brigjit  in  color  are  the  species  of  Hypohomus,  which  flash  their 
showy  hues  in  the  sparkling  brooks  of  the  Ozark  and  the  Great 
Smoky  Moimtains.     Hypohomus  aurantiacus  is  the  best-known 


Diplesion  hlennioides,   the  green-sided  darter,  is  the  type 
of  numerous  species  with  short  heads,  large  fins,  and  coloration 


•^<itS!. 


Eta.  415  — Gfwn-sded   Darter    D<fir»ion  hlimninida   Rafinewpie      Clinch   Kvw. 
Fanuly  Perrvit. 

of  speckled  green  and  golden.     It  abounds  in  the  streams  of 
the  Ohio  Valley. 

The  tessellated   darters.    Boleosoma,   are  the  most  plainly 
colored  of  the  group  and    among    the    smallest;   yet  in  the 


fto.  4ia.— TenmllatMl  Darter,  Bol»>mma  nimMivii  'Storer).    Potamw  Riwr. 


d^icacy,  wariness,  and  quaintness  of  motion  they  are  among 
the  most  interesting,  especially  in  the  aquarium.     Boleosoma 
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nignim,  the  Jolmny  darter  in  the  West,,  and  BoUosoma  olm^edi 
in  the  East  are  among  the  commonest  species,  found  half  hid- 
den in  the  weeds  of  small  brooks,  and  shewing  no  bright  colors, 
although  the  male  in  the  spring  has  the  head,  and  often  the 
whole  body,  jet  black. 

Crystaiiaria  aspreUa,   a  large  species  almost  transparent, 
is  occasionally  taJ^n  in  swift  currents  along  the  limestme 


F^  417.— OTital  Duter,  OyrioIIiina  atpnOa  (Joidu).     Wabuh  Binr. 

banks  of  the  Mississippi.  Still  more  transparent  is  the  small 
sand-darter,  Amrnocrypta  pellucida,  which  lives  in  the  clearest 
of  waters,  concealing  itself  by  plunging  into  the  sand.  Its 
scales  are  scantily  developed,  as  befits  a  fish  that  chooses  this 


Fig.  418. — Sand-darter,  Ammocrypfa  clara  (Jordan  &  Meek).    Dea  Moinea  River. 


method  of  protection,  and  in  the  related  Ammocrypia  beani  of 
the  streams  of  the  Louisiana  pine-woods,  the  body  is  almost 
naked,  as  also  in  loa  vitrea,  the  glassy  darter  of  the  pine-woods 
of  North  Carolina. 

In  the  other  darters  the  body  is  more  compressed,  the  move- 
ments less  active,  the  coloration  even  more  brilliant  in  the 
males,  which  are  far  more  showy  than  their  dull  olivaceous 
mates. 

To  Elheostoma  nearly  half  of  the  species  belong,  and  they 


Pcrcoidea,  or  Perch-Uke  Fishes 


529 


foim  indeed  a  royal  series  ot  little  fishes.    Only  a  few  can  be 
noticed  here,  but  all  oi  them  are  described  in  detail  and  many 


ii!^: 


Fig.  419.— ElftfMioma   jardani  Gilbert.     Chestnut   Ciwfc,   \>fbpna.   Mn. 


are  figured  by  Jordan  and  Evermann  ("  Fishes  of  North  and 
Biiddle  America,"  Vol.  I). 

Most  beautiful  of  all  fresh-water  fishes  is  the  blue-breasted 
darter,  Etheostoma  camurum,  red-blue  and  olive,  with  red  spots. 


like  a  trout.  This  species  lives  in  clear  streams  of  the  Ohio 
valley,  a  region  perhaps  to  be  regarded  as  the  center  of  abun- 
dance of  these  fishes. 

Very  similar  is  the  trout-spotted  darter,  Etheostoma  macii- 
lalunt,  dusky  and  red,  with  round  crimson  spots.  EtJwostotna 
rufilineatum  of  the  French  Broad  is  one  of  the  most  gaudy  of 
fishes.  Etheostoma  australe  of  Chihuahua  ranges  farthest  south 
of  all  the  darters,  and  Etheostoma  boreale  of  Quebec  perha])s 
farthest  north,  though  Etheostoma  iowa,  found  from  Iowa  to  the 
Saskatchewan,  may  dispute  this  honor.     Etheostoma  cccrulcitm. 
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the  rainbow  darter  or  soldier-fish,  with  alternate  oblique  bands 
of  blue  and  scarlet,  is  doubtless  the  most  familiar  of  the  bril- 
liantly colored  species,  as  it  is  the  most  abundant  throughout 
the  Ohio  valley. 

Etheostoma  flabellare,  the  fan-tailed  darter,  discovered  by 
Rafinesque  in  Kentucky  in  i8i  7,  was  the  first  species  of  the  series 
ntiade  known  to  science.  It  has  no  bright  colors,  but  its  move- 
ments in  water  are  more  active  than  any  of  the  others,  and  it 
is  the  most  hardy  in  the  aquarium. 

Psychromaster  tuscuntbia  abotmds  in  the  great  limestone 
springs  of  northern  Alabama,  while  Copelandellus  quiescens 
swarms  in  the  black-water  brooks  which  flow  into  the  Dismal 
Swamp  and  thence  southward  to  the  Suwanee.  It  is  a  little  fish 
not  very  active,  its  range  going  farther  into  the  southern  lowlands 
than  any  other.  Finally,  Micro perca  punctulata,  the  least  darter, 
is  the  smallest  of  all,  with  fewest  spines  and  dullest  colors,  must 
specialized  in  the  sense  of  being  least  primitive,  but  at  the  same 
time  the  most  degraded  of  all  the  darters. 

No  fossil  forms  nearly  allied  to  the  darters  are  on  record. 
The  nearest  is  perhaps  Alioplosus  labracoides  from  the  Eocene  at 
Green  River,  Wyoming.  This  elongate  fish,  a  foot  long,  has 
the  dorsal  rays  IX-i,  13,  and  the  anal  rays  II,  13,  its  scales 
finely  serrated,  and  the  preopercle  coarsely  serrated  on  the 
lower  limb  only.  This  species,  with  its  numerous  congeners 
from  the  Rocky  Mountain  Eocene,  is  nearer  the  true  perch 
than  the  darters.  Several  species  related  to  Perca  are  also 
recorded  from  the  Eocene  of  England  and  Germany.  A  species 
called  Lnciopcrca  skorpili,  allied  to  Coiiropomiis,  is  described  from 
the  Oligocene  of  Bulgaria,  besides  several  other  forms  imper- 
fectly preserved,  of  still  more  doubtful  altinities. 


CHAPTER  XXXIV 
THE  BASS  AND  THEIR  RELATIVES 


E  Caidioal-flsbes.  Apogonidse, — The  Apogonida  or  car- 
dinal-fishes are  perch-like  fishes,  mostly  of  small  size, 
with  two  distinct  short  dorsal  fins.  They  are  found  in 
the  warm  seas,  and  many  of  them  enter  rivers,  some  even  in- 
habiting hot  springs.  Many  of  the  shore  species  are  bright  red 
in  color,  usually  with  black  stripes,  bands,  or  spots.  Still  others, 
however,  are  olive  or  silvery,  and  a  few  in  deeper  water  are 
violet-black. 

The   species  of  Apogon   are   especially  numerous,    and    in 
regions  where  they  are  abundant,  as  in  Japan,  they  are  much 


Fia.  421. — Cardinal-fuh,  Apogon  reiroteUa  Gill.    Mazatkm. 

valued  as  food.  Apogon  imherbis,  the  "king  of  the  mullet,"  is 
a  common  red  species  of  southern  Europe.  Apogon  maculatus 
is  found  in  the  West  Indies.  Apogon  retrosella  is  the  pretty 
"cardenal"    of   the  west   coast   of   Mexico.     Apogon   lineattiSt 
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semilineatus  and  other  species  abound  in  Japan,  and  many 
species  occur  about  the  islands  of  Poljmesia.  Epigonus  tele^ 
scopium  is  a  deep-sea  fish  of  the  Mediterranean  and  Telescopias 
and  Synagrops  are  genera  of  the  depths  of  the  Pacific.  Pa- 
ramia  with  strong  canines  is  allied  to  Apogon,  and  similar  in  color 
and  habit. 

Allied  to  Apogon  are  several  small  groups  often  taken  as 
distinct  families.  The  species  of  Ambassis  {Ambassidce)  are 
little  fishes  of  the  rivers  and  bays  of  India  and  Poljmesia, 
resembling  small  silvery  perch  or  bass.  All  these  have  three 
anal  spines  instead  of  two  as  in  Apogon.  Some  of  these  enter 
rivers  and  several  are  recorded  from  hot  springs.  Scombrops 
boopSy  the  mutsu  of  Japan,  is  a  valued  food-fish  found  in  rather 
deep  water.  It  is  remarkable  for  its  very  strong  teeth,  although 
its  flesh  is  feeble  and  easily  torn.  A  still  larger  species  in  Cuba, 
Scombrops  oculata,  known  as  Escolar  chino,  resembles  a  barra- 
cuda. •  These  fishes  with  fragile  bodies  and  very  strong  teeth 
are  placed  by  Gill  in  a  separate  family  {SconibropidcB) .  Aero- 
poma  japonicum  is  a  neat  little  fish  of  the  Japanese  coast,  with 
the  vent  placed  farther  forward  than  in  Apogon,  It  is  the 
type  of  the  AcropomidcB,  a  small  family  of  the  Pacific.  Eno- 
plosus  armatus  is  an  Australian  fish  with  high  back  and  fins, 
with  a  rather  stately  appearance,  type  of  the  EnoplosidcB,  In 
his  last  catalogue  of  families  of  fishes  Dr.  Gill  recognizes  Scorn- 
bropidcB  and  AcropomidcB  as  distinct  families,  but  their  relation- 
ships with  Apogon  are  certainly  very  close.  Many  genera 
allied  to  Apogon  and  Ambassis  occur  in  Australian  rivers. 
Several  fossils  referred  to  Apogon  {Apogon  spinostts,  etc.)  occiu" 
in  the  Eocene  of  Italv  and  Gcrmanv. 

The  Anomalopidae. — The  family  of  Anomalopidco  is  a  small 
group  of  deep-sea  fishes  of  uncertain  relationship,  but  per- 
haps remotely  related  to  Apogon.  Anomalops  palpebrata  is 
found  in  Polynesia  and  has  beneath  the  eye  a  large  luminous 
organ  unlike  anything  seen  elsewhere  among  fishes. 

The  Asineopidae.  —  Another  family  of  doubtful  relationship 
is  that  of  Asineopidco,  elsewhere  noticed.  It  is  composed  of 
extinct  fresh-water  fishes  found  in  the  Green  River  shales.  In 
Asineops  squamifrons  the  opcrcles  are  unarmed,  the  teeth 
villiform,  and  the  dorsal  fin  undivided,  composed  of   eight  or 
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nine  spines  and  twelve  to  fourteen  soft  rays.     TTie  anal  spines, 
as  in  Apogon,  are  two  only,  and  the  scales  are  cycloid. 


semilincaliis  Schlegel. 


The  Robalos:*  Oxylabradde.  —  The  family  of  Robalos  (Oxy- 
labraddfB  or  CentropomidtE)  is  closely  related  to  the  Serranida, 
difEering  among  other  things  in  having  the  conspicuous  lateral 
line  extended  on  the  caudal  fin.     These  are  silvery  fishes  with 


FiQ.  423— Robalo,  OxyUArax  undedmidU  (Bloeh).     Florida. 

elongate  bodies,  large  scales,  a  pike-like  appearance,  the  first 
dorsal  composed  of  strong  spines  and  the  second  spine  of  the 

•  The  European  zander  is  the  type  of  Larfp^de's  genus  Centropomus. 
The  name  Centropomus  has  been  wrongly  transferred  to  the  robalo  by  most 
authors. 
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CMdy^  where  tbcf  are  lugljly  Talnod  as  food,  tlie  fledi.  bciqg 
fike  fliat  oC  llie  strqied  bass^  white*  flakj,  and  oC  fine  flnw. 
1  ne  ^^rtwtftmn  nmtio,  or  shook,  c/i7iaomr  (or  OtfairiipoHnu|  an- 
liflmnalu;  readies  a  ncq^  oC  fifteen  to  twentr  ponnds.  It 
tai^es  north  as  far  as  Texas.  In  this  qiecies  the  lalecal  line 
is  blade  The  smalter  spwies»  oC  whidi  aevcnl  are  deacribed» 
are  knoim  as  Rabaliio  or  Camsiamiimo. 

ns  Ssa-hssi:  tlffreaMg — The  oeolzal  family  of  the  pnooid 
fishes  is  that  of  the  Serramidm^  or  sea-bass.  Of  tiicse  aboot 
400  species  are  reoofded,  cannvoroos  fishes  foond  in  all  wann 
seas,  a  Um  ascending  the  fresh  wateis.  In  general,  the  spedes 
are  diaiacterized  by  the  presence  of  twenty-f oar  vertdme  and 
three  anal  spines,  never  more  than  three.  The  fresh-water 
spedes  are  all  more  or  less  ardiaic  and  show  traits  suggesting 
the  OxylabracicUB^  PerddiB^  or  CentrardUdw,  all  of  whidi  are 
doubtless  derived  from  ancestors  of  Semmiikt,  Among  the 
connecting  forms  are  the  perch-like  genera  Prrddbffcys  and 
PercUia  of  the  rivers  of  Chile.  These  species  look  modi  like 
pereh,  but  have  three  anal  spines,  the  number  of  vertdxree 
being  thirty-five.  Percidtihys  trucha  is  the  common  trucha/  or 
trout^  of  Chilean  waters. 

Lateolabrax  japonicus,  the  susuki,  or  bass,  of  Japan,  is  one 
of  the  most  valued  food-fishes  of  the  Orient,  similar  in  quality  to 
the  robalo,  which  it  much  resembles.  This  genus  and  the 
East  Indian  Centrogenys  ivaigiensis  approach  Oxylabrax  in 
appearance  and  structure.  Xiphon  spuwstts,  the  ara  of  Japan, 
is  a  very  large  sea-bass,  also  of  this  type.  Close  to  these  bass, 
marine  and  fresh  water,  are  the  Chinese  genus  Siniperca  and 
the  Korean  genus  Coreoperca,  several  species  of  which  aboimd 
in  Oriental  rivers.  In  southern  Japan  is  the  rare  Brytiosus 
kawamebari,  a  bass  in  structure,  but  ver\'  closely  resembling 
the  American  sunfish,  even  to  the  presence  of  the  bright-edged 
black  ear-spot.  There  is  reason  to  believe  that  from  some 
such  form  the  Cenirar chides  were  derived. 

Other  bass-like  fishes  occur  in  Egypt  (Lates),  Australia 
(Percalates,  etc.),  and  southern  Africa.  Oligoriis  fnacquariensts 
is  the  great  cod  of  the  Australian  rivers  and  Ctotolates  ambiguus 
is  the  yellow  belly,  while  Percalates  colonorum  is  everywhere 
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the  ** perch"  in  Australian  rivers.  The  most  important  mem- 
ber of  these  transitional  types  between  perch  and  sea-bass  is 
the  striped  bass,  or  rockfish  {Roccus  lineatus),  of  the  Atlantic 
coast  of  the  United  States.  This  large  fish,  reaching  in  extreme 
cases  a  weight  of  1 1 2  pounds,  lives  in  shallow  waters  in  the  sea 
and  ascends  the  rivers  in  spring  to  spawn.  It  is  olivaceous  in 
color,  the  sides  golden  silvery,  with  narrow  black  stripes.  About 
1880  it  was  introduced  by  the  United  States  Fish  Commission 
into  the  Sacramento,  where  it  is  now  very  abundant  and  a 
fish  of  large  commercial  importance.  To  the  angler  the 
striped  bass  is  always  **a  gallant  fish  and  a  bold  biter,"  and 
Genio  Scott  places  it  first  among  the  game-fishes  of  America. 

The  white  bass  {Roccus  chrysops)  is  very  similar  to  it,  but 
shorter  and  more  compressed,  reaching  a  smaller  size.  This 
fish  is  abimdant  in  the  Great  Lakes  and  the  upper  Mississippi 
as  far  south  as  Arkansas. 

The  yellow  bass  (Morone  interrupta),  a  coarser  and  more 
brassy  fish,  replaces  it  farther  south.  It  is  seldom  seen  above 
Cincinnati  and  St.  Louis.  The  white  perch  {Morone  ameri- 
cana)  is  a  little  fish  of  the  Atlantic  seaboard,  entering  the  sea, 
but  nmning  up  all  the  rivers,  remaining  contentedly  land- 
locked in  ponds.  It  is  one  of  the  most  characteristic  fishes 
of  the  coast  from  Nova  Scotia  to  Virginia.  It  is  a  good  pan 
fish,  takes  the  hook  vigorously,  and  in  a  modest  way  deserves 
the  good-will  of  the  angler  who  cannot  stray  far  into  the  moun- 
tains. Very  close  to  these  American  bass  is  the  bass,  bars,  or 
robalo,  of  southern  Europe,  Dicentrarchus  labrax,  sl  large  olive- 
colored  fish,  excellent  as  food,  living  in  the  sea  about  the  mouths 
of  rivers. 

The  Jcwfishcs. — In  the  warm  seas  are  certain  bass  of  immense 
size,  reaching  a  length  of  six  feet  or  more,  and  being  robust 
in  form,  a  weight  of  500  or  600  pounds.    These  are  dusky 
green  in  color,  thick-headed,  rough-scaled,  with  low  fins,  vora- 
cious   disposition,  and    sluggish    movements.    In    almost    all 
parts  of  the  world  these  great  bass  are  called  jewfisb   *    ' 
no    reason    for    this    name    has    ever    been    8V 
habit  and  value  the  species  are  much  alike^ 
of  California,  Siereolepis  gigas,  the  prize  of  ^ 
anglers,  may  be  taken  as  the  type  of  theoQ 
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to  this  is  the  Japanese  ishinagi,  Megaperca  isclniMgi,  ihe  jew-, 
fish,  or  stone-bass,  of  Japan.  Another  Japanese  jewfish  is  the 
Abura  bodzu,  or  "fat  priest,"  EbisHS  sagamms.  In  the  West 
Indies,  as  also  on  the  west  coast  of  Mexico,  the  jewfish,  or  guasa, 
is  Promicrops  ttaiara.  The  black  grouper,  Garrupa  nigrita, 
is  the  jewfish  of  Florida.  The  European  jewfish,  more  often 
called  wreckfish,  or  stone-bass,  is  Polyprion  americanus,  and 
the  equally  large  Polyprion  oxygeneios  is  found  in  Australia, 
as  is  also  another  jewfish,  Glaticosoma  hcbraicum,  the  last 
belonging  to  the  Liiiianidts.  Lai^est  of  all  these  jewfishes  is 
Promicrops  lanceolata  of  the  South  Pacific.      This  huge  bass, 


accordii^  to  Dr.  Boulenger,  sometimes  reaches  a  length  of 
twelve  feet. 

Related  to  the  jewfishes  are  numerous  smaller  fishes.  One 
of  these,  the  Spanish-fiag  of  Cuba,  Gonioplectrtis  hispann^,  is 
rose-colored,  with  golden  band,  like  the  flag  of  Spain  itself. 
Other  species  referred  to  Acanihistius  and  Plectropoma  have, 
like  this,  hooked  spines  on  the  lower  border  of  the  preopercle. 

The  Groupers.— In  all  warm  seas  abound  species  of  Epinephelus 
and  related  genera,  known  as  sea-bass,  groupers,  or  merous. 
They  are  mostly  lai^e  voracious  fishes  with  small  scales,  pale 
flesh  of  fair  quality,  and  from  their  abundance  they  are  of  large 
commercial  importance.  To  English-speaking  people  these  fishes 
are  usually  known  as  grouper,  a  corruption  of  the  Portuguese 
name  garrupa.  In  the  West  Indies  and  about  Panama  there 
are  very  many  species,  and  still  others  abound  in  the  Mediter- 
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ranean,  in  southern  Japan,  and  throughout  Polynesia  and 
the  West  Indies.  They  have  very  much  in  common,  but  differ 
in  size  and  color,  some  being  bright  red,  some  gaudily  spotted 
with  red  or  blue,  but  most  of  them  are  merely  mottled  green 
or  brown.  In  many  cases  individuals  living  near  shore  are 
olivaceous,  and  those  of  the  same  species  in  the  depths  are 
bright  crimson  or  scarlet.  We  name  below  a  few  of  the  most 
prominent  species.     Even  a  bare  list  of  all  of  them  would  take 


'^n 


many  pages.  Cephalopliolis  criienlatus,  the  red  hind  of  the 
Florida  Keys,  is  one  of  the  smallest  and  brightest  of  all  of  them. 
Cephalopliolis  fulvus,  the  blue-spotted  guativere  of  the  Cubans, 
is  called  negro-fish,  butter-fish,  yellow-fish,  or  redfish,  accord- 
ing to  its  color,  which  varies  with  the  depth.  It  is  red,  yellow, 
or  olive,  with  many  round  blue  spots.  Epiiiephelus  adscen- 
scionis,  the  rock-hind,  is  spotted  everywhere  with  orange. 
Epinephelus  gtiaza  is  the  merou,  or  giant-bass,  of  Europe,  a 
large  food-fish  of  value,  rather  dull  in  color.  Epinepheltis  striatits 
is  the  Nassau  grouper,  or  Cherna  criolla,  common  in  the  West 
Indies.  Epinepheltis  maculosus  is  the  cabrilla  of  Cuba.  Epi- 
nepltelus  drtimmond-hayi,  the  speckled  hind,  umber  brown,  spotted 
with  lavender,  is  one  of  the  handsomest  of  all  the  groupers. 
Epinephehis  morio,  the  red  grouper,  is  the  commonest  of  all 
these  fishes  in  the  American  markets.  In  Asia  the  species 
are  equally  numerous,  Epiuephelus  qiiernns  of  Hawaii  and  the 
red  Epinepheliis  fascialus  of  Japan  and  southward  being  food- 
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fidies  of  importance.  Epinepkelus  merra,  Epinephelus  gHbertt, 
and  Epinepkelus  tjuvina  are  among  the  more  common  spe- 
cies of  PoK-nesia.    Epinepkelus  coraUieoU,  a  species  profusely 


spotted,  abo'xiia  in  the  creT.4ces  of  coral  reefs,  while  Ct-pii- 
cl:chc'.is  J'{:ts  and  C.  Uscj'^dus  are  showii-  n«hes  of  the  deeper 
channels,  ilycz^'z-pe^ca  :-s««»:ojj.  the  yello'w-snnec  grDtiper, 
is  a  large  and  hards-jrr.e  nsh  o:  the  coast  of  Cuba,  the  3esh 
sometTTnes  poisonous;  when  red  in  deep  water  it  is  Scown  as 


v^iSS^ 


F»o.   a^ —EpimeB^n  i 


'■-.-^jfS  A  V»Iie£tt«tz«  .  P.ftii  ''i—.'ir^    -t  Sfcn 


ice  ^.zstcr.  cari'ina-      . 
seils  in  err'  —^rars  «  : 
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is  commonest  along  our  South  Atlantic  coast,  not  reaching 
the  West  Indies,  and  Mycteroperca  rubra,  which  is  never  red, 
enters  the  Mediterranean.  Mycteroperca  falcala  is  known  in 
the  markets  as  scamp,  and  Mycteroperca  venadorum  is  a  giant 
species  from  the  Venados  Islands,  near  Mazatlan.  Diploprton 
bifasciatus  is  a  handsome  grouper-like  fish  with  two  black 
cross-bands,  found  in  Japan  and  India.  Variola  louti,  red, 
with  crimson  spots  and  a  forked  caudal  fin,  is  one  of  the  most 
showy  fishes  of  the  equatorial  Pacific. 


Fro.   430  —  Ydlow-fin   Gmiipcr,   M^irtrrnprri-n   rrnrnmrn   'T.innfPTiB).     HftVflna. 

The  small  fishes  called  Viica  in  Cuba  belong  to  the  genus 
Hypoplectnis.  Their  extraordinary  and  unexplained  variations 
in  color  have  been  noticed  on  page  88.  The  common  Kpecies — 
blue,  orange,  green,  plain,  striated,  checkered,  or  strii)e<l^ 
bears  the  name  of  Hypoplectnis  nnicolor  (Fig.  431). 

The  Serranos.  —  In  all  the  species  known  as  jewfish  and 
grouper,  as  also  in  the  Oxylabracid(s  and  most  Centrarchidic, 
the  maxillary  bone  is  divided  by  a  lengthwise  suture  which 
sets  off  a  distinct  supplemental  maxillary.  This  Ivme  is  want- 
ing in  the  remaining  species  of  SerranidtE.  as  it  is  also  in  thi'>se 
forms  already  noticed  which  are  familiarly  kn<->wn  as  bass. 
The  species  without  the  supplemental  maxillary  arc  in  general 
smaller  in  size,  the  canines  are  on  the  sides  of  the  jaws  inst.ead 
of  in  front,  and  there  is  none  of  the  hinged  depressible  teeth 
which  are  conspicuous  in  the  groupers.  The  sf>ecies  .-ire  ahmndant 
in  the  Atlantic,  but  scarcely  any  are  founr!  in  Polynesia,  and 
few  in  Japan  or  India. 
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Serranus  cabrilla  is  the  Cabrilla  of  the  Mediterranean,  a 
well-known  and  excellent  food-fish,  the  original  type  of  the 
family  of  Serranida.  Serranellus  scriba  is  the  serran,  a  very 
pretty  shore-fish  of  southern  Europe,  longer  known  than  any 
other  of  the  tribe.  On  the  coast  of  southern  California  are 
also  species  called  Cabrillas,  fine,  large,  food-fish,  bass-like  in 
form,  Paralabrax  clathralas,  and  other  less  common  species. 
The  Cabrillas  and  their  relatives  are  almost  all  American,  a 
few  straying  across  to  Europe.  One  of  the  most  important 
in  the  number  is  the  black  sea-bass,  or  black  will,  of  our  Atlantic 


Fia,  431  —Hypopledrus  unicotor  nigricans  (Poey).  Tortugaa,  Ha, 
coast.  Centra pristes  stnatiis.  This  is  a  common  food-  and 
game-fish,  dusky  in  color,  g.imy,  and  of  fine  flesh.  The  squirrel- 
fishes  {Diplcctrum)  and  the  many  serranos  (Prioiiodes)  of  the 
tropics,  small  bright-colored  fishes  of  the  rocks  and  reefs,  must 
be  passed  with  a  word,  as  also  the  small  Paraccniropristis  of 
the  Mediterranean  and  the  fine  red  'creolc-fish  of  the  West 
Indies,  Paranlbias  fitrcifer.  In  one  species,  Auypcrodon  letico- 
grainmicus  of  PoljTiesia,  there  are  no  teeth  on  the  palatines. 

The  barber-fish  {Aiithias  anthias)  of  southern  Europe,  bright 
red  and  with  the  lateral  line  running  very  high,  is  the  type  of 
a  numerous  group  found  at  the  lowest  fishing  le^'el  in  all  warm 
seas.     All  the  species  of  this  group  are  bright  red,  very  hand- 
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some,  and  excellent  as  food.  Hemiantltias  vivanus,  known 
only  from  the  spewings  of  the  red  snapper  {Lutianiis  aya)  at 
PensEicola,  is  one  of  the  most  brilliant  species,  red,  with  golden 
streaks.  The  genus  Plesiops  consists  of  small  fishes  almost 
black  in  color,  with  blue  spots  and  other  markings,  abounding 
about  the  coral  leefs.  In  this  genus  the  lateral  line  is  inter- 
rupted and  there  is  some  indication  of  affinity  with  the  Opis- 
tkognathidtB. 

In  the  soapfishes  (Rypticus)  the  supplemental  maxillary 
appears  again,  but  in  these  forms  the  dorsal  fin  is  reduced  to 
two  or  three  spines  and  there  is  none  in  the  anal.  Rypticus 
saponaceus,  so  called  from  the  smooth  or  soapy  scales,  is  the 


Frn.  488,— ^SoapGsh,  Ryplww  bitlriapimu  (Mitchill).    Virgiaia. 


best  known  of  the  numerous  species,  which  all  belong  to  trop- 
ical America.  Grammistes,  isith  eight  dorsal  spines,  is  a  related 
form  in  Polynesia,  bright  yellow,  with  numerous  black  stripes. 
Numerous  species  referred  to  the  Scrranidcc  occur  in  the  Eocene 
and  Miocene  rocks.  Some  are  related  to  Epincphclus,  others  to 
Roccus  and  Lates.  In  the  Tertiary  lignite  of  Brazil  is  a  species 
of  Percichthys,  Pcrcichthys  anliqnus,  with  Properca  bcaitmonti, 
which  seem  to  be  a  primitive  form  of  the  bass,  allied  to 
Dicentrarchtts.  Prolatcs  hcberti  of  the  Cretaceous,  one  of  the 
earliest  of  the  series,  lias  the  caudal  rounded  and  is  apparently 
allied  to  Lates,  as  is  also  the  heavily  armed  Acamts  rcf^ley- 
sianiis  of  the  Oligocene.  Smerdis  miimttis,  a  small  fish  from  the 
Oligocene,  is  also  related  to  Lates,  which  genus  with  Roccus  and 
Dicentrarchus  must  represent  the  most  primitive  of  existing 
members  of  this  family.  Of  both  Smerdis  and  Dicentrarchus 
(Labrax)  numerous  species  are  recorded,  mostly  from  the  Mio- 
cene of  Europe. 
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The  Flashers:  Lobotidse.^The  small  family  of  i^botidce,  flash- 
ers, or  triple-tails,  closely  resembles   the  Serranidts,  but  there 


Ao.  4H — Fkaber.  LoboU*  turinametm*  (Efloeb).     Vi>|pnuL, 


are  no  teeth  on  vomer  or  palatines.  The  three  species  are 
robust  fishes,  of  a  large  size,  of  a  dark-green  color,  the  front 
part  of  the  head  very  short.     They  reach  a  length  of  about 


Pm.   483 — <7atalrif!i,  Piwitnlfmn 


Cuv.  A  Val      Wot-i's  Hole,  M«.«f. 


three    feet    and    are    good    food-fishes-     Lobotes    surinamenHi 
comes  northward  from  the  West  Indies  as  far  as  Cape  Cod. 


The  Bass  and  their  Relatives 


547 


Lobates  pacificus  is  fotmd  about  Panama.  Lobotes  eraie,  com- 
mon in  India,  vras  taken  by  the  writer  at  ^lisaki,  Japan. 

The  BqjBFM:  Pnacanfliite. — The  Caialtijas  or  bigeyes  {Pria- 
cantkidoB)  are  handsome  fishes  of  the  tropics,  with  short, 
flattened  bodies,  rough  scales,. large  eyes,  and  bright-red  color- 
ation. The  mouth  is  verj-  oblique,  and  the  anal  fin  about  as 
large  as  the  dorsal.  The  commonest  species  is  Friacanthus 
cruenkUus,  widely  diffused  through  the  Pacific  and  also  in  the 
West  Indies.  This  is  the  noted  Aweoweo  of  the  Hawaiians, 
which  used  to  come  into  the  bays  in  myriads  at  the  period  of 
death  of  royalty.  It  is  still  abundant,  even  after  Hawaiian 
rojralty  has  passed  away. 

Psetidopriacanihus  alius  is  a  short,  very  deei>-bodied,  and 
very  rough  fish,  scarlet  in  color,  occasi<^inally  taken  along  our 
coast,  driven  northward  b\'  the  Gulf  Stream.  The  young  fishes 
are  qtiite  unlike  the  adult  in  aj/jjearance.  Nimierrnis  other 
species  of  Friacanthus  occur  in  the  Indies  and  I^olynesia. 

The  Hstlopterldc.  Ancjiher  family  with  strouj^  spines  and 
rough  scales  is  the  gn^up  oi  HistiopUttda'.  Ht'Utoptcrus  typits, 
the  Matodai,  is  found  in  Jajxin,  and  i^>  nrmarkablc  for  its  ver\- 
deep  body  and  very  high  spines.  Ivjually  remarkable  is  the 
Tengudai,  Hisiiopterns  aculirustrn ,  alv>  Japan«;:s*:,  remarkable 
for  the  long  snout  and  high  fins.  Jiolh  an:  ran-  iu  Japanese 
markets.  All  these  are  eccentric  variation:,  from  the  j>erch- 
like  tyjxf. 

Tlie  Snappexs:  Lutianidc*-  -Scarcely  less  numerous  and  varied 
than  the  sea-bass  is  the  great  family  n\  Luttamcia,  known 
in  America  as  snappers  or  ireir^fji^,.  In  th'^si*  fishes  the  maxillar\' 
slips  along  its  edge  into  a  sheath  i(jrtn':(]  by  the  Inroad  preor- 
bital.  In  the  Serrantda'  there  is  no  su^'h  sh<;ath.  In  the  Lidi' 
anidcc  there  is  no  sui-r]jlemerjtal  maxillary,  te<fth  are  jjresent 
on  the  vomer  and  palatines,  anO  in  th<:  jnw::  there  are  distinct 
canines.  These  fishes  of  the  warrn  wra;;  arf:  all  carnivorous, 
voracious,  gamy,  excellent  as  i<yy]  thoujjh  seld^-zm  of  fine  grain. 
the  flesh  being  white  and  not  flaky.  About  250  species  are 
known,  and  in  all  warm  seas  they  are  abundant. 

To  the  great  genus  Luiianus  most  of  the  sj>ecies  belong.  These 
are  the  snappers  of  our  markets  and  the  pargos  of  the  Spanish- 
speaking  fishermen.     The  shore  sjiecies  are  green  in  color,  mostly 
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banded,  spotted,  or  streaked.  In  deeper  water  bright-red  spe- 
cies are  found.  One  of  these,  Lutianus  aya,  the  red  snapper  or 
pargo  guachinango  of  the  Gulf  of  Mexico,  is,  economically" 
speaking,  the  most  important  of  all  these  fishes  in  the  United 
States.  It  is  a  large,  rather  coarse  fish,  bright  red  in  color, 
and  it  is  taken  on  long  lines  on  rocky  reefs  chiefly  about  Pen- 
sacola  and  Tampa  in  Florida,  although  similar  fisheries  exist 
on  the  shores  of  Yucatan  and  Brazil, 

A  related  species  is  the  Lutianus  analis,  the  mutton  snapper 
or  pargo  criollo  of  the  West  Indies.     This  is  one  of  the  staple 


^smt^ 
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Fra.  4ifli.— ZiutMiMU  apoduM  (WalbAum),  Schoolnuater  or  Cajf.    ^unily  Lulianida. 

fishes  of  the  Havana  market,  always  in  demand  for  banquets 
and  festivals,  because  its  flesh  is  never  imwholesome.  The 
mangrove  snapper,  or  gray-snapper,  Lutianus  griseus,  called 
in  Cuba,  Caballerote,  is  the  commonest  species  on  our  coasts. 
The  common  name  arises  from  the  fact  that  the  young  hide 
in  the  mangrove  bushes  of  Florida  and  Cuba,  whence  they  sally 
out  in  pursuit  of  sardines  and  other  small  fishes.  It  is  a  very 
wary  fish,  to  be  sought  with  care,  hence  the  name  "lawyer," 
sometimes  heard  in  Florida.  The  cubero  {Lutianus  cyanop- 
lerus)  is  a  very  lai^e  snapper,  often  rejected  as  unwholesome, 
being  said  to  cause  the  disease  known  as  ciguatera.  Certain 
snappers  in  Polynesia  have  a  similar  reputation.  The  large  red 
mumea,  Lutianus  bohar,  is  regarded  as  always  poisonous  in 
Samoa — the  most  dangerous  fish  of  the  islands.     L.  leioglossus  is 
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also  held  under  suspicion  on  Tutuila,  though  other  fishes  of 
this  type  are  regarded  as  always  safe.     Other  common  snappers 


Tia.  489. — Hoplopoffru*  ffuniheri   GilJ.     Mazatlon, 


of  Florida  and  Cuba  are  the  dog  snapper  or  jocu  (Lntiaiiiis  jocii), 
the  schoolmaster  or  cajl  {Lutianus  apodus),  the  black-fin  snapper 
or   sese  de  lo  alto    (Lutianus   buccanella),   the   silk  snapper  or 


e  Snapper  or  Biajaibn,  Lulianut  n/nngris  (Li 


pargo  de  lo  alto  (Lutianus  vivamts),  the  abundant  lane  snapper 
or  biajaiba    (Lutianus  synagns),   and  the  mahogany  snapper 
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or  ojanco  (Lutianus  mahogani).  Numerous  other  species  occur 
on  both  coasts  of  tropical  America,  and  a  vastly  larger  assem- 
blage is  found  in  the  East  Indies,  some  of  them  ranging  north- 
ward to  Japan. 

Hoplopagrus  gUnlheri  is  a  large  snapper  of  the  west  coast 
of  Mexico,  having  very  lai^e  molar  teeth  in  its  jaws  besides  slit- 


Fio.  441, — Yellow-taU   Snapper,   Oeyvrut   chryrarut   (UnnEeua).     Key   Weat. 


like  nostrils  and  other  notable  peculiarities.  From  the  stand- 
point of  structure  this  species,  with  its  eccentric  characters — 
is  especially  interesting.  The  yellow-tail  snapper  or  rabirubia 
{Ocyurtts  ckrysurus)  is  a  handsome  and  common  fish  of  the 


Fig.  443.— Cachucho,  Elelit  ondahu  (Ijnnteus).     Havana. 


West  Indies,  with  long,  deeply  forked  tail,  which  makes  it  a 
swifter  fish  than  the  others.  Another  red  species  is  the  dia- 
mond snapper  or  cagon  de  lo  alto,  Rhomboplites  aurorubens. 
All  these  true  snappers  have  the  soft  fins  more  or  less  scaly. 
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Id  certain  species  that  swim  more  freely  in  deep  waters,  these 
fins  are  naked.  AnKmg  them  is  the  Amillb,  Apsihts  dentatus, 
a  pretty  brown  fish  of  the  West  Indies,  and  its  analogue  in 
Hawaii,  Apsilus  brighatni,  red,  with  golden  cross-bands.  Aprion 
virescens,  the  Uku  of  Hawaii,  is  a  large  fish  of  a  greenish  color 
and  elongate  body,  widely  diffused  throughout  Polynesia  and 
one  of  the  best  of  food-fishes.  A  related  species  is  the  red 
voraz  {Aprion  macrofittkaimus)  of  the  West  Indies. 

Host  beautiful  of  all  the  group  are  the  species  of  EteUs, 
with  the  dorsal  fin  deeply  divided  and  the  head  flattened  above. 
These  live  in  rather  deep  water  about  rocky  reefe  and  are  fiery 
red  in  color.  Best  known  is  the  Cuban  species,  EUdis  oeutatus, 
the  cachucho  of  the  markets.     Equally  abundant  and  equally 


beautiful  are  Elelis  carbunculus  of  Polynesia,  Elelis  evurus   of 
Hawaii,  and  other  species  of  the  Pacific  islands. 

Verilus  sordtdus,  the  black  escolar  of  Cuba,  has  the  form 
of  Etelis,  but  the  flesh  is  very  soft  and  the  color  violet-black, 
indicating  its  life  in  very  deep  water.  Numerous  small  silvery 
snappers  living  near  the  shore  alor^  the  coast  of  western  Mexico 
belong  to  the  genera  called  Xenichthys,  Xenistius,  and  Xenocys. 
Xenistius  califomtensis  is  the  commonest  of  these  species, 
Xenocys  jessuB,  the  largest  in  size,  with  black  lines  like  a  striped 
bass.     To  the  genus  Dentex  belongs  a  large  snapper-like  fish  of 
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the  Mediterranean,  Dentex  deniex.  Very  many  related  species 
occur  in  the  old  world,  the  prettUy  colored  NemifOerus  virgaius, 
the  Itoyori  of  Japan  beii^  one  of  the  best  known.  Another 
interesting  fish  is  A^utreus  furcatus,  a  handsome,  swift  fish  of 
the  open  seas  occasionally  taken  in  Japan  and  the  E^t  Indies. 
GlaUiCosoma  burgeri  is  a  large  snapper  of  Japan,  and  a  related 
species,  Glaucosoma  h^aicum,  is  one  of  the  "jewfishes"  of 
Australia.  Numerous  fossil  forma  referred  to  Dentex  occur  in 
the  Eocene  of  Monte  Boka,  as  also  a  fish  called  Ctetiodeniex 
lackemensis  from  the  Eocene  of  Be^;ium. 

The  Onmti:    Hamulidv. — The  large  family  of  HtBmulidtB, 
known  in  America  as  gnmters  or  roncos,  is  represented  with  the 


PlQ.   440.— Grunt,  Hamvlon  ptumieH  (Bloch). 


snappers  in  all  tropical  seas.  The  common  names  (Spanish, 
roncar,  to  grunt  or  snore)  refer  to  the  noise  made  either  with 
their  large  pharyngeal  teeth  or  with  the  complex  air-bladder. 
These  fishes  differ  from  the  Lntianin(E  mainly  in  the  feebler 
detention,  there  being  no  canines  and  no  teeth  on  the  vomer. 
Most  of  the  American  species  belong  to  the  genus  Hcemulon 
or  red-mouth  grunts,  so  called  from  the  dash  of  scarlet  at  the 
comer  of  the  mouth.  Hantmlon  plumieri,  the  common  grunt,  or 
ronco  arari,  is  the  most  abundant  species,  known  by  the 
narrow  blue  stripes  across  the  head.  In  the  yellow  grunt, 
ronco  amarillo  {HtBmulon  scuirus),  these  stripes  cross  the  whole 
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Tk.   M6— ForicfiMi.    AnimU'Kmar 


beaulif'iDy  striped  wh'r.  '-.-lii/i;  ir.':  jf.;- 
in  the  West  Inci«.  .'-'>r;-.'r';;/'i;.;;i;  •,:  ,-'-, 
of  ,\si&  cyr:ti.:ris  n-iTi'-Tr^i  l^^r/';  .v?- 
.-Ini'spffCTnui.  lr:t  li';i::r.^  •.?.':  yr'y::'-.  ---J: 
istic  of  Ani%T.rtmv.:  i.r.-:  ! : ■j.r-:.'..  y.  'r/rr. 
or  spotted  with  blii'.V:  ■'.  ■.'.-r/  ^;u-i-;v  :' 
genus  e:]ua";y  ab-JTi-itr.*.  :r.  ,'-,-i'i  ar.-;  A:.'. 
species  of  the  san-ly  sh'/r-r^.  v.;-.-,  •.'■.<;  -y^ 
the  spines  generc"y  ;:r-,'r_;'-,-r,  Z'  jii^i- 
monest  West  Indian  sj^:*.-;';:.  /':'^^^JiJ:I: 
of  the  Asiatic  f'.Tms.  Gr.z'.'ivjienux  ii-A\ 
stripes  is  common  in  Polynesia. 
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The  pigfishes,  Orthopristis,  have  the  spines  feebler  and  the 
anal  fin  more  elongate.  Of  the  many  species,  American  and 
Mediterranean,  Orthopristis  chrysopierus  is  most  familiar,  ranging 
northward  to  Long  Island,  and  excellent  as  a  pan  fish.  Para- 
pristipoma  trilineatum,  the  Isaki  of  Japan,  is  equally  abundant 
and  very  similar  to  it.  Many  related  species  belong  to  the 
Asiatic  genera,  Terapon,  Scolopsts,  C<Esio,  etc.,  sometimes 
placed  in  a  distinct  family  as  TerapontdcB.  Terapon  servus 
enters  the  streams  of  Polynesia,  and  is  a  very  common  fish 
of  the  river  mouths,  taken  in  Samoa  by  the  boys.  Terapon 
theraps  is  found  throughout  the  East  Indies.  Terapon  richard- 
soni  is  the  Australian  silver  perch.  C(Esio  contains  numerous 
small  species,  elongate  and  brightly  colored,  largely  blue  and 
golden,  Scolopsis,  having  a  spine  on  the  preorbital,  contains 
numerous  species  in  the  East  Indies  and  Polynesia.  These  are 
often  handsomely  colored.  Among  them  is  the  taiva,  Scolopsis 
trilineatus  of  Samoa,  gray  with  white  streaks  and  markings  of 
delicate  pattern.  A  fossil  species  in  the  Italian  Eocene  related 
to  Pomadasis  is  Pomadasis  jurcatus.  Another,  perhaps  allied 
to  Terapon,  is  called  Pelates  quindecimalis. 


major   Schlegcl.     Faniilv   Sparidiz. 
uyp.) 


Via.  447.— The    Red   Thi    of   Jnpiu.,    Fi'/n 
(AfiLT  Kisliir 

The  Porgies:  Sparida.  —  The  great  family  of  Sparida  or 
porgics  is  also  closely  related  to  the  Hcrmidid(C.  The  most 
tangible  difEcrcnce  rests  in  the  teeth,  which  are  stronger,  and 
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some  of  those  along  the  side  of  the  jaw  arc  tmitsformoci  into 
large  blunt  molars,  fitted  for  grinding  small  crulis  and  bIwUi. 
The  name  porgy,  in  Spanish  pargo,  cnnics  fn»m  the  IjOtiti 
Pagrus  and  Greek  waypoi,  the  name  fntm  time  immomorlHl 
of  the  red  porgy  of  the  Mediterranean,  /'n^-riw  pagrus.     In  this 


apedea  the  front  teeth  are  carine-likft.  the  sirle  V-^.h  rry.I-'i 
is  a  fine  food-fish,  v^ry  hani-i,v.me.  >>ftir,ar  r.rirr,w.n  -wif.h 
spots,  and  in  the  Ifei-iiterranean  it  is  rcwich  f:xt^frrr.fA.  T 
breeds  sparingly  on  our  south  Atlantic  and  Cnli  f/Asts. 
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Very  similar  to  the  porgy  is  the  famous  red  tai  or  akadai 
of  Japan  {Pagrus  major),  a  fish  so  highly  esteemed  as  to  be, 
with  the  rising  sun  and  the  chrysanthemum,  a  sort  of  national 
emblem.  In  all  prints  and  images  the  fish-god  Ebisu  (Fig,  448), 
beloved  of  the  Japanese  people,  appears  with  a  red  tai  under  his 
arm.  This  species,  everywhere  abundant,  is  crimson  in  color,  and 
the  flesh  is  always  tender  and  excellent.     A  similar  species  is 


Fia.  440. — Scup,  Stenolomii3  rhrysopa  (T.inneus).     Woods  Hole,  Mass. 

the  well-known  and  abundant  "  schnappcr  "  of  Australia,  Pagrus 
Jiiiicolor.  Another  but  smaller  tai  or  porgj',  crimson,  sprinkled 
wilh  blue  spots,  Puiinis  cardiualis,  occurs  in  Japan  in  great 
abundance,  as  also  two  species  similar  in  character  but  without 
red,  known  as  Knn'J.ti  nr  black  tai.  These  arc  Spariis  lutiis 
and  Spams  bcnia.  The  ;j:i]t-head  of  the  Mediterranean,  Spams 
aitrata.  is  very  similar  to  tlicse  Japanese  species.  Spams  sarba 
in  Australia  is  the  tarwhinc,  and  Spams  aif^lralis  the  black 
bream.  The  numerous  species  of  Paselliis  abound  in  the  Medi- 
terranean. These  arc  smaller  in  size  than  the  species  of  Pagrus, 
red  in  color  and  with  feebler  teeth.  Moiiclaxis  graiiJociiiis, 
known  as  the  "mu,"  is  a  widely  difTused  and  valuable  food-fish 
of  the  Pacific  islands,  greenish  in  color,  with  pale  cross-bands. 
Very  closely  related  is  also  the  American  scup  or  fair  maid 
{Stcnolomiis  citrysops),  one  of   our   commonest    pan  fishes.     In 
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this  genus  and  in  Calamus  tlit-  Hwonrl  inlBrhftmial  hj.irtP  lit  vpry 
greatly  enlarged,  its  concave  t-nd  formeil  like  o  (|uill-jnjn  mvi 
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and  dullest  in  color.  Calamus  calamus  is  the  saucer-eye  poi^, 
and  Calamus  proridens,  the  little-head  porgy.  Calamus  leucosteus 
is  called  white-bone  porgy,  and  the  small  Calamus  arctifrons 
the  grass-porgy. 

The  Chopa  spina,  or  pinfish,  Lagodon  rkomboides,  is  a  little 
porgy  with  notched  incisors,  exceedingly  common  on  our  South 
Atlantic  coast. 

In  some  of  the  porgies  the  front  teeth  instead  of  being  canine- 
like  are  compressed  and  truncate,  almost  exactly  like  human 
incisors.     These  species  are  known  as  sheepshead,  or  sargos. 

Diplodus  sargus  and  Diplodiis  annularis  are  common  sargos  of 
the  Mediterranean,  silvery,  with  a  black  blotch  on  the  back  of 


fe>-. 
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':i  Bean.     Pi'r.^icol.i. 

0  Wust   I:>iiu^s  a::l  DiplcJits 
very  close  :>>  those. 
''S:\iUw' ^''iclns.   ii   much   the 
TIio  broad  bodv  is  crossed 


the  tail.  Diplodns  ari^cr.U-js  of  t 
holbrooki  of  the  L"aroli:ia  cnist  arc 
The  sheepjhead,  .1  '■:'■:  •f.i'x---s 
most  valuable  fish  of  ti:is  gr'nip. 
by  about  seven  blaek  i.-ni>s-br.nds.  It  is  corrimon  from  Cape 
Cod  to  Texas  in  sandy  bays,  reachinij  rarely  a  weight  of  fifteen 
pounds.  Its  flesh  is  most  excellent,  rich  and  tender.  The 
sheepshead  is  a  quiet  bottom-fish,  but  takes  tlie  hook  readily 
and  with  some  spirit.  Close  to  the  sheepshead  is  a  smaller 
species  known  as  Salema  {Archosargits  unimactilaius),  with  blue 
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and  gtdden  stripes  and  a  black  spot  at  the  shoulder. 
in  the  West  Indies. 

On  the  cxast  ot   Japan  and  throughout  PoljTiesta  are  nu- 
meroDS  species  ot  Letkrinas  and  related  genera,  formed  and 


■^^ 
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colored  like  snappers,  but  ii\-ith  molar  teeth  and  the  cheek  with- 
out scales.     A  common  species  in  Japan  is  Lcthritms  richarJsoni. 

Fossil  species  of  Diplodus,  Sportis,  Pagriis,  and  PagcUtis 
occur  in  the  Italian  Eocene,  as  also  certain  extinct  genera, 
Sparnodsis  and  Trigonodon,  of  similar  t\"pe.  Sfhinu\ins  macri?- 
phthalmus  is  abundant  in  the  Eocene  of  Monte  Bolca. 

The  Picarels:  Hanidte. — The.l/(L-nt,/<r,  or  PiVarf/i.  are  elongate, 
gracefully  formed  fishes,  remarkable  for  the  extreme  protrac- 
tility  of  the  upper  jaw.  Spicara  smarts  and  sevenil  other 
small  species  are  found  in  the  Mediterranean,  Emwclicltthys 
contains  species  of  larger  size  occurring  in  the  West  Indies  and 
various  parts  of  the  Pacific,  chiefly  red  and  verj-  graceful  in 
form  and  color.  Emmelichthys  vittatus,  the  boga,  is  occasionally 
taken  in  Cuba,  Erythriclithys  schlegeli  is  found  in  Japan  and 
Hawaii. 

The  Hojairas:  Gerridte.  —  The  Gerridcc,  or  Mojarras,  have 
the  mouth  equally  protractile,  but  the  form  of  the  body  is 
different,    being  broad,    compressed,    and   covered   ■with   large 
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silvery  scales.  In  some  species  the  dorsal  spines  and  the  third 
anal  spine  are  very  strong,  and  in  some  the  second  interhsemal 
is  quill-shaped,  including  the  end  of  the  air-bladder,  as  in  Calamus. 
Most  of  the  species,  including  all  the  peculiar  ones,  are  American. 
The  smallest,  Eucinostomus,  have  the  quill-shaped  interlueinal 


Fia.  454. — Mojarra,  Xyalwma  eit\emim  (Walbaum).    Key  West. 


and  the  dorsal  and  anal  spines  are  very  weak.  The  commonest 
species  is  the  silver  jenny,  or  mojarra  de  Ley,  Eucinostomus 
gula,  which  ranges  from  Cape  Cod  to  Rio  Janeiro,  in  the  surf 
along  sandy  shores.  Equally  common  is  EiicinostomHS  cali- 
/oniieiisij  of  the  Pacific  Coast  of  Mexico,  while  Eucinostomus 
haren^nlus  of  the  West  Indies  is  also  very  abundant.  Ularma 
Icfroyi  has  but  two  anal  spines  and  the  interha-mal  verj'  small. 
It  is  common  through  the  West  Indies.  Xystccum,  with  the 
interhiemal  spfar-sh;t])e<l  and  normally  fiimieil,  is  found  in 
Asia  and  Polynesia  more  abundantly  than  in  America,  although 
one  species,  Xyslcniia  ciiicreiim,  the  broad  shail,  or  Mojarra 
blanca,  is  common  i;n  both  shores  of  trojiical  America. 
Xysticma  gigas  is  found  in  PoK-ncsia,  X.  oycna  in  Japan,  and 
A',  filameniositm  in  Formosa  and  India.  Xystarma  massalongoi 
is  also  fossil  in  the  Miocene  of  Austria.  The  species  of  Gcrres 
have  very  strong  dorsal  and  anal  s]iincs  and  the  back  much 
elevated.  Gerrcs  plumicri,  the  striped  mojarra,  Gcrres  bra- 
siliciisis,  the  patao,  Gcrres  olislhosloDuis,  the  Irish  pampano, 
and  Gcrres  rhombeiis  are  some  of  the  numerous  species  found 
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re  elongate  fishes  common  in  the  Mediterranean.     Other  Med 
terranean  forms  are  Spondyliosoma  cantharus,  Oblata  melanura 
tc.     Girella    nigricans   is    the    greenfish    of    California,  every 
vhere  abundant  about  rocks  to  the  south  of  San  Francisco 
ind   of  considerable   value  as  food.     Almost   exactly  like   1 
s  the  Mejinadai  {Girella  punctata)  of  Japan.     The  best-known 
nembers  of  this  group  belong  to  the  genus  Kyphosus.    Kyphosiu 
ectatrix  is  the  rudder-fish,  or  Chopa  blanca,  common  in  the 
A^est  Indies  and  following  ships  to  the  northward  even  as  fai 
IS  Cape  Cod,   once  even  taken  at  Palermo.     It  is  supposec 
hat  it  is  enticed  by  the  waste  thrown  overboard.     Kyphosm 
legans  is  found  on  the  west  coast  of  Mexico,  Kyphosus  talinie 
n  the  East  Indies  and  Polynesia,  and  numerous  other  specie. 
KCiir   in  tropical   America   and   along  the   coasts   of   southern 
\sia.    Scctator  ocyurus  is  a  more  elongate  form  of  rudder-fish 
triped   with   bright   blue  and    yellow,  found    in   the    Pacific 
■ledialmta  californieitsis  is  the   half-moon   fish,  or  medialuna 
>f  southern  California,  an  excellent  food-fish  frequently  taken 
m  rocky  shores.      Nimierous  related  species  occur  in  the  Indian 
eas. 

Fossil   fragments  in   Europe   have   been   referred  to  Boops 
Spondyliosoma,  and  other  genera. 

Fia.  4fiT.— filue-grctu  Sitofiab.  Apomott*  esanelloM  .  Rafiae«qucJ .     Eanaaa  Hiver. 

(Aflcr  Kellogg,, 
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CHAPTER  XXXV 

THE  SURMULLETS,  THE  CROAKERS  AND  THEIR 
RELATIVES 

HE  SonnuUets,  or  Goatfishes:  Hullids. — The  MuUidce 
(Surmullets)  are  shore-fishes  of  the  warm  seas,  of  mod- 
erate size,  with  small  mouth,  large  scales,  and  possess- 
ing the  notable  character  of  two  long,  unbranched  barbels 
of  firm  substance  at  the  chin.  The  dorsal  fins  are  short, 
well  separated,  the  first  of  six  to  eight  firm  spines.  There 
are  two  anal  spines  and  the  ventral  fins,  thoracic,  are  formed 
of  one  spine  and  five  rays.  The  flesh  is  white  and  tender, 
often   of   very  superior  flavor.     The  species  are  carnivorous. 


Fig.  458- 


feeding  chiefly  on  small  animals.  They  are  not  voracious, 
and  predaceous  fishes  feed  freely  on  them.  The  coloration  is 
generally  bright,  largely  red  or  golden,  in  nearly  all  cases  with 
an  imder  layer,  below  the  scales,  of  red,  which  appears  when 
the  fish  is  scaled  or  placed  in  alcohol.  The  barbels  are  often 
bright  yellow,  and  when  the  fish  swims  along  the  bottom  these 
are  carried  in  advance,  feeling  the  way.     Testing  the  bottom 
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with  their  feelers,  these  fishes  creep  over  the  floor  of  shallow 
waters,  seeking  their  food. 

The  numerous  species  are  all  very  mucli  alike  in  form,  and 
the  ciuTent  genera  are  separated  by  dotaila  of  the  arrangement 
of  the  teeth.     But  few  are  found  outside  the  tropics. 

The  surmullet  or  red  mullet  of  Europe,  Mttlliis  barbaius, 
is  the  most  famous  species,  placed  l)y  the  Rtimans  above  all 
other  fishes  unless  it  be  the  scarus,  Sparisoma  crctcnse.  From 
the  satirical  poets  we  leam  that  "enormous  prices  were  paid 
for  a  fine  fish,  and  it  was  the  fashion  to  bring  the  fish  into  the 
dining-room  and  exhibit  it  alive  before  the  iissemblod  guests, 
so  that  they  might  gloat  over  the  l>ri]Iiant  and  changing  colors 
during  the  death-agonies."  It  is  red  in  life,  and  when  the 
scales  are  removed,  the  color  is  much  brighter. 

It  is  an  excellent  fish,  tender  and  rich,  but  nowhere  so  extrav- 
agantly valued  to-day  as    was    formerly   the   case   in    Rome. 


Mulliis  surmulelus  is  a  sct-ond  l'-iin>]ir;in  spiTifs,  sriiri'fly  ililTer- 
cnt  from  Miiilns  hurbulits. 

iiqually  excellent  as  f(>o<l  Jiml  l;u>:cr  in  sv/.i-  ;iri'  two  I'uIvik'- 
sian  sT>ccics  known  as  kumn  and  itmmi  [I'u-iiiliifi-iifiis  l>orpliyrcus 
and  PsetidiipCHCHS  bifuscidtiis).  MiiHux  (iiiniliis  is  a  small  sur- 
mullet occasionally  taken  iifT  our  .\tlantu'  i-nast,  but  in  ilfi']n>r 
water  than  that  frcquonU'il  by  tin-  l-"iii'ii]n';in  specifs.  I'scii' 
dupciteits  maciilalns  is  tin-  rrd  j:M;ii(isli  nr  salmoiu'tc,  ouninon 
from  Florida  to  Brazil,  as  is  also  tin.'   yrMow  );o:illish,  I'sfnilu- 
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peneus  martiniais,  equally  valued.  Many  other  species  are 
found  in  tropical  America,  Polynesia,  and  the  Indies  and  Japan. 
Perhaps  the  most  notable  are  Upeneus  wttatus,  striped  with 
yellow  and  with  the  caudal  fin  cross-barred  and  the  belly  sul- 
phur-yellow, and  Upeneus  arge,  similar,  the  belly  white.  The 
common  red  and  black-banded  "moana"  or  goatfish  of  Hawaii 
is  Pseudupeneus  multifascialus. 

No  fossil  MuUidtB  are  recorded,  so  far  as  known  to  us. 

The  Croakers:  Scicenida.  —  The  family  of  Sciienida  (croak- 
ers, roncadors)  is  another  of  the  great  groups  of  food-fishes. 
The  species  are  found  on  every  sandy  shore  in  warm  regions 
and  all  of  them  are  large  enough  to  have  value  as  food,  while 
many  have  flesh  of  superior  quahty.  None  is  brightly  colored, 
most  of  the  species  being  nearly  plain  silvery. 

Special  characters  are  the  cavernous  structure  of  the  bones 
of  the  head,  which  are  full  of  mucous  tracts,  the  specialization 


FlO.  460.— Spotted   Weakfiah,   Cynoacion  nebuiosu*.     Virginia. 


(and  occasional  absence)  of  the  air-bladder,  and  the  presence 
of  never  more  than  two  anal  spines,  one  of  these  being  some- 
times very  lai^e.  Most  of  the  species  are  marine,  all  are  car- 
nivorous ;  none  inhabits  rocky  places  and  none  descends  to  depths 
in  the  sea.  At  the  least  specialized  extreme  of  the  family, 
the  mouth  is  large  with  strong  canines  and  the  species  p*" 
slender,  swift,  and  predaceous. 

The  weakfish  or  squeteague  {Cynoscion  regalis)  is  a 
of  a  mtiltitude  of  species,  large,  swift,  voracious,  but  wJ 
der  flesh,  which  is  easily  torn.  The  common  weakfiah, 
dant  on  our  Atlantic  coast,  suffers  much  at  the  ttf 
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enemy  and  associate,  the  bluefish.  It  is  one  of  the  best  of  all 
our  food-fishes.  Farther  south  the  spotted  weakfish  {Cyno^ 
scion  nebulosus)y  very  incorrectly  known  as  sea-trout,  takes  its 
place,  and  about  New  Orleans  is  especially  and  jtistly  prized. 

The  California  "bluefish,"  Cynoscion  parvipinnis,  is  very 
similar  to  these  Atlantic  species,  and  there  are  many  other 
species  of  Cynoscion  on  both  coasts  of  tropical  America,  form- 
ing a  large  part  of  the  best  fish-supply  of  the  various  markets 
of  the  mainland.  On  the  rocky  islands,  as  Cuba,  and  about 
coral  reefs,  ScicenidcB  are  practically  tinknown.  In  the  Gtilf 
of  California,  the  totuava,  Cynoscion  macdonaldi,  reaches  a 
weight  of  172  potinds,  and  the  stateliest  of  all,  the  great 
"white  sea -bass"  of  California,  Cynoscion  nobilis,  reaches  100 
poimds.  In  these  large  species  the  flesh  is  much  more  firm 
than  in  the  weakfish  and  thus  bears  shipment  better.  Cynoscion 
has  canines  in  the  upper  jaw  only  and  its  species  are  all  Ameri- 
can. In  the  East  Indies  the  genus  Otolithes  has  strong  canines 
in  both  jaws.  Its  numerous  species  are  very  similar  in  form, 
habits,  and  value  to  those  of  Cynoscion.  The  queenfisn,  Seri- 
phus  politus,  of  the  California  coast,  is  much  like  the  others  of 
this  series,  but  smaller  and  with  no  canines  at  all.  It  is  a  very 
choice  fish,  as  are  also  the  species  of  Macrodon  (Ancylodon) 
known  as  pescadillo  del  red,  voracious  fishes  of  both  shores 
of  South  America. 

Plagioscion  squamosissimiis  and  numerous  species  of  Pla- 
gioscion  and  other  genera  live  in  the  rivers  of  South  America. 
A  single  species,  the  river-drum,  gaspergou,  river  sheepshead,  or 
thunder-pumper  {Aplodnwtns  griiuuicns),  is  found  in  streams 
in  North  America.  This  is  a  large  fish  reaching  a  length  of 
nearly  three  feet.  It  is  very  widely  distributed,  from  the  Great 
Lakes  to  Rio  Usumacinta  in  Guatemala,  whence  it  has  been 
lately  received  by  Dr.  Evermann.  This  species  abounds  in 
lakes  and  sluggish  rivers.  The  flesh  is  coarse,  and  in  the  Great 
Lakes  it  is  rarely  eaten,  having  a  rank  odor.  In  Louisiana  and 
Texas  it  is,  however,  regarded  as  a  gocxl  food-fish.  In  this 
species  the  lower  pharyngeals  are  very  large  and  firmly  united, 
while,  as  in  all  other  Sciccnidcc,  except  the  genus  Pogonias,  these 
bones  are  separated.  In  all  members  of  the  familv  the  ear- 
bones  or  otohths  are  largely  developed,  often  finely  sculptured. 
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The  otoliths  of  the  river-drum  are  known  to  Wisconsin  boys 
as  "lucky-stones,"  each  having  a  rude  impress  of  the  letter  L. 
The  names  roncador,  drum,  thunder-pumper,  croaker,  and  the 
like  refer  to  the  grunting  noise  made  by  most  Scicenida  in  the 
water,  a  noise  at  least  connected  with  the  large  and  divided 
air-bladder. 

Numerous  silvery  species  belong  to  Larimtts,  Corvula,  Odon- 
toscton,  and  especially  to  Bahdiella,  a  genus  in  which  the  second 
anal  spine  is  unusually  strong.     The  mademoiselle,  Bairdiella 


Via.  461.— Mademoiselle,   BairdUUa   chrysura    (IJnnsEua).     Virgii 


chrysura  is  a  pretty  fish  of  our  Atlantic  coast,  excellent  as  a 
pan  fish.  In  Bairdiella  ensifera  of  Panama  the  second  anal 
spine  is  enormously  large,  much  as  in  a  robalo  (Oxylabrax). 

In  Stellifer  and  Nebris,  the  head  is  soft  and  spongy.  Stelli- 
fer  lanceolaius  is  occasionally  taken  off  South  Carolina,  and 
numerous  other  species  of  this  and  related  genera  are  found 
farther  South. 

Scusnops  ocellata  is  the  red-drum  or  channel  bass  of  our 
South  Atlantic  coast,  a  most  important  food-fish  reaching  a 
weight  of  seventy-five  pounds.  It  is  well  marked  by  a  black 
ocellus  on  the  base  of  the  tail.  On  the  coast  of  Texas,  this 
species,  locally  called  redfish,  exceeds  in  economic  value  all  other 
species  found  in  that  State. 

Pseudoscicena   aquila.    the    maigre   of   southern    Europe,  is 


57°  Surmullets,  Croakers,  etc. 

another  large  fish,  similar  in  value  to  the  red  drum.  Pseudo- 
scieena  antaraica  is  the  kingfish  of  Australia.  To  Scicena  belong 
many  species,  largely  Asiatic,  with  the  mouth  inferior,  without 
barbels,  the  teeth  small,  and  the  convex  snout  marked  with 
mucous  pores.  Scitemi  umbra,  the  ombre,  is  the  common 
European  species,  Scimna  saturna,  the  black  roncador  of  Cali- 
fornia, is  much  like  it.     Sciirna  deliciosa  is  one  of  the  most  valued 


Fio.  468. — Red  Drum,  SciiBnopsoeeUa/aLinnsus.     Texas. 


food-fishes  of  Peru,  and  Scitsna  argentata  is  valued  in  Japan. 
Species  of  Sci(ena  are  especially  numerous  on  the  coasts  of  India. 

Roncador  stearnsi,  the  California  roncador,  is  a  large  fish  with  a 
black  ocellus  at  the  base  of  the  pectoral.  It  has  some  importance 
in  the  Los  Angeles  market.  The  goody,  spot,  or  lafayette  {Leio- 
slomus  xanihiirus)  is  a  small,  finely  flavored  species  abundant 
from  Cape  Cod  to  Texas.  Similar  to  it  but  inferior  is  the  little 
roncador  {Genyojiemiis  lincatus)  of  California.  The  common 
croaker,  Micropogon  Huduhitus,  is  very  abundant  on  our  Eastern 
coast,  and  other  species  known  as  verrugatos  or  white-mouthed 
drummers  replace  it  farther  South. 

In  Umbrina  the  chin  has  a  short  thick  barbel.  The  species 
abound  in  the  tropics,  Umbrina  cirrosa  in  the  Mediterranean; 
Umbrina  coroides  in  California,  and  the  handsome  Umbrina 
roncador,  the  yellow-tailed  roncador,  in  southern  California. 
The  kingfish,  Menticirrhus,  differs  in  lacking  the  air-bladder, 
and  lying  on  the  bottom  in  shallow  water  the  lower  fins  are 
enlarged  much  as  in  the  darters  or  gobies.  All  the  species  are 
American.  All  are  dull-colored  and  all  excellent  as  food.  Men- 
ticirrhus saxaiilis  is  the  common  kingfish  or  sea-mink,  abundant 
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£rom   Cape  Ann   southward,    Menttcirrhus   americanus   is    the 
equally   common  sand-whiting   of   Carolina,  and   Menttcirrhus 


Fio.  463. — Ybllow-fin  Roncador,  Umbrina  sinaloce  Scofield.    Maiatlan. 


Uttoralis    the    surf-whiting.     The  California  whiting  or    sand- 
sucker  is  MenticirThus  undulatus. 

Pogonias  chromis,  the  sea-drum,  has  barbels  on  the  chin  and 
the  lower  pharyngeals  are  enlarged  and  imited  as  in  the  river- 


FlO.   4W— Kingfiah,   Menticirrhi 


drum,  Aplodinotus.  It  is  a  coarse  fish  common  on  our  Atlantic 
coasts,  a  large  specimen  taken  at  St,  Augustine  weighing  146 
pounds.  Other  species  of  this  family,  belonging  to  the  genus 
Eques,  are  marked  with  ribbon-like  stripes  of  black.  Eques 
lanceolatus,  known  in  Cuba  as  serrana,  is  the  most  ornate  of  these 
species,  looking  like  a  butterfly-fish  or  Chietodon. 

Several  fossil  fragments  have  been  doubtfully  referred  to 
Sciwna,    Umbrina,    Pogonias,  and    other    genera.     Otoliths    or 
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ear-bones  not  clearly  identifiable  are  found  from  the  Miocene 
on.  These  structures  are  more  highly  specialized  in  this  group 
than  in  any  other. 


Fio.  46S. — Drum,  Pogoniat  chromis  (LinniFus).    Matanzas,  Fla. 


The  SiUaginidte,  etc. — ^AlUed  to  the  Scicenidce  is  the  small  family 
of  Kisugos,  Sillaginide,  of  the  coasts  of  Asia.  These  are  slender, 
cylindrical  fishes,  silvery  in  color,  with  a  general  resemblance 
to  small  Sci(Bnas. 

Sillago  japonicus,  the  kisugo  of  Japan,  is  a  very  abundant 
species,  valued  as  food.  Sillago  siliama  ranges  from  Japan  to 
Abyssinia. 

A  number  of  small  families,  mostly  Asiatic,  may  be  appended 
to  the  percoid  series,  with  which  thej'  agree  in  general  characters, 
especially  in  the  normal  structure  of  the  shoulder-girdle  and 
in  the  insertion  of  the  pectoral  and  ventral  fins. 

The  Lactariidis  constitute  a  small  family  of  the  East  Indies, 
allied  to  the  Scitsnidis,  but  with  three  anal  spines.  The  mouth 
is  armed  with  strong  teeth.  Lactarins  lactaritis  is  a  food-fish  of 
India. 

The  NandidcB  are  small  spiny-rayed  fishes  of  the  East  Indian 
streams,  without  pseudobranchia;. 

The  PolycentridfE  are  small  fresh-water  perch-like  fishes  of 
the  streams  of  South  America,  without  lateral  line  and  with 
many  anal  spines. 
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Tha  Javflshes:  Opistliognathide,  etc.  — The  Pseudochromi- 
pidce  are  marine-fishes  of  the  tropics  with  the  lateral  line  inter- 
rupted, and  with  a  single  dorsal.  They  bear  some  resemblance 
to  Plesiops  and  other  aberrant  SerranidcB. 


Fia.   4W. — Onalhypops  evermanni  Jordan  &  Snyder.     Mia&ki,  Japan. 


Very  close  to  these  are  the  OpistognathidtB  or  jawfishes  with 
a  single  lateral  Hne  and  the  mouth  very  large.  In  certain 
species  of  Opisthognatkus,  the  maxillary,  long  and  curved,  extends 
far  behind   the    head.     The   few   species   are    found  in  warm 


Fia.  407. — Jawfiah,  OpUthognaihui 


macrogntdfvut  Poey.     Tortugas,   Fia. 

Some  of  them  are  handsomely 


seas,  but  always  very  sparingly 
colored. 

The  Stone-wail  Percb:  Oplegnathids.^ — A  singular  group  evi- 
dently allied  to  the  Hiztnulidce  is  the  family  of  OplegnathidtB. 
In  these  fishes  the  teeth  are  grown  together  to  form  a  bony  beak 
like  the  jaw  of  a  turtle.  Except  for  this  character,  the  species 
are  very  similar  to  ordinary  grunts.     While  the  mouth  resembles 
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that  of  the  parrot-fish,  it  is  structurally  different  and  must  have 
been  independently  devel(^)ed.  Oi^gitaiinu  punctatus,-  the 
"stonewall  perch"  (ishigalddai),  is  common  in  Japan,  as  is  also 


ladiA.     (After  Day.) 

Other  species  are  found  in 


Fla.  *S0.—Opiilhog>uitkui 
the  banded  Oplegnathus  fasciaUts. 
Australia  and  Chile. 

Tha  SmlloWBrs:  Chiasmodontida. — The  family  of  swallowers 
CkiasmodotUidte,  is  made  up  of  a  few  deep-sea  fishes  of  soft 
flesh  and  feeble  spines,  the  opercular  apparatus  much  reduced. 


^^■i.-^-- 


The  ventrals  are  post-thoracic,  the  rays  i,  5,  facts  which  point 
to  some  affinity  with  the  OpisthognatkidcE,  although  Boulenger 
places  these  fishes  amoiig  the  Percesoces.  Chiasmodon  niger,  the 
black  swallower  of  the  mid-Atlantic,  has  exceedingly  long  teeth 
and  the  whole  body  so  distensible  that  it  can  swallow  fishes  of 
many  times  its  own  size.     According  to  Gill : 

"  It  espies  a  fish  many  times  larger  than  itself,  but  which, 
nevertheless,  may  be  managed;    it  darts  upon  it,  seizes  it  by 
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were  brought  by  fishermen  to  Boston  from  a  previously  imex- 
plored  bank  about  eighty  miles  southeast  of  No  Man's  Land, 
Mass.  In  the  fall  of  1880  it  was  foimd  to  be  extremely  abim- 
dant  everywhere  off  the  coast  of  southern  New  England  at  a 
depth  of  from  seventy-five  to  two  hundred  and  fifty  fathoms. 
The  form  of  the  species  is  more  compressed,  and  higher,  than 
in  most  of  the  family,  and  what  especially  distinguishes  it  is 
the  development  of  a  compressed,  'fleshy,  fin-like  appendage 
over  the  back  part  of  the  head  and  nape,  reminding  one  of  the 
adipose  fin  of  the  salmonids  and  cat  fishes.'  It  is  especially 
notable,  too,  for  the  brilliancy  of  its  colors,  as  well  as  for  its  size, 
being  by  far  larger  than  any  other  member  of  its  family.  A 
weight  of  fifty  pounds  or  more  is,  or  rather,  one  might  say,  was 
frequently  attained  by  it,  although  such  was  very  far  above 
the  average,  that  being  little  over  ten  pounds.  In  the  reach  of 
water  referred  to,  it  could  once  be  found .  abimdantly  at  any 
time,  and  caught  by  hook  and  line.  After  a  severe  gale  in  March, 
1882,  millions  of  tilefish  could  be  seen,  or  calculated  for,  on  the 
surface  of  the  water  for  a  distance  of  about  three  himdred  miles 
from  north  to  south,  and  fifty  miles  from  east  to  west.  It 
has  been  calculated  by  Capt.  Collins  that  as  many  as  one  thou- 
sand four  hundred  and  thirty-eight  millions  were  scattered 
over  the  surface.  This  would  have  allowed  about  two  himdred 
and  twenty-eight  pounds  to  every  man,  woman  and  child  of 
the  fifty  million  inhabitants  of  the  United  States!  On  trying 
at  their  former  habitat  the  next  fall,  as  well  as  all  successive 
years  to  the  present  time,  not  a  single  specimen  could  be  found 
where  formerly  it  was  so  numerous.  We  have  thus  a  case  of  a 
catastrophe  which,  as  far  as  has  been  observed,  caused  com- 
plete annihilation  of  an  abundant  animal  in  a  very  limited 
period.  Whether  the  grounds  it  formerly  held  will  be  reoccupied 
subsequently  by  the  progeny  of  a  protected  colony  remains  to 
be  seen,  but  it  is  scarcely  probable  that  the  entire  species 
has  been  exterminated."  It  is  now  certain  that  the  species 
is  not  extinct. 

Caulolatiliis  princeps  is  the  blanquillo  or  **whitefish''  of 
southern  California,  a  large  handsome  fish  formed  like  a  dol- 
phin, of  purplish,  olivaceous  color  and  excellent  flesh.  Other 
species  of  Caulolatiliis  are  found  in  the  West  Indies.     Latilus 
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japonicHS  is  the  amadai  or  sweet  perch  of  Japan,  an  excdknt 
food-fish  of  a  bright  crimson  color. 

The  Pinguipedid<£  of  Chile  resemble  the  Latitidijt^  having 
also  the  enlarged  premaxillary  tooth.  The  ventrals  are,  how- 
ever, thickened  and  placed  farther  forward. 

The  Bandfishes:  Cepolidje. — The  small  famih'  of  Cef>otiJ<p.  or 
bandfishes,  resemble  the  Laiilidce  somewhat  and  are  probably 
related  to  them.  The  head  is  normally  formed,  the  \-entral  fins 
are  thoracic,  with  a  spine  and  five  ra^'s,  but  the  body  is  drawn 
out  into  a  long  eel-Hke  form,  the  many-rayed  dorsal  and  anal 
fins  meeting  around  the  tail.  The  few  species  are  crimson  in 
color  with  small  scales.  They  are  used  as  food,  but  the  flesh 
is  dry  and  the  bones  are  stiff  and  numerous.  Cepda  t(n%ia  is 
common  in  the  Mediterranean,  and  Acanthocepda  krusenstemi 
abounds  in  the  ba^^s  of  southern  Japan. 

The  Cirrfaitidje. — The  species  of  the  family  CirThitid<t  strongly 
resemble  the  smaller  SerraniJce  and  even  Scrranus  itself,  but 
the  lower  rays  of  the  pectoral  fins  are  enlarged  and  are  tmdi- 
\'ided,  as  in  the  sea-scorpions  and  some  sculpins.  In  these 
fishes,  however,  the  bony  stay,  which  characterizes  ScorfntPiidw 
and  CottidcB,  is  wholly  absent.  It  is.  however,  considered  possible 
that  this  interesting  family  represents  the  point  of  separation 
at  which  the  mail-cheeked  fishes  become  differentiated  from  the 
typical  perch-like  forms.  Goniistitis  zonatus,  the  takanohadai, 
is  a  valuable  food-fish  of  Japan,  marked  by  black  cross-bands. 
Paracirrhites  forsteri  and  other  species  of  Cirrhiins  and  Paracir^ 
rhites  are  very  pretty  fishes  of  the  coral  reefs,  abundant  in  the 
markets  of  Honolulu,  the  spotted  Cirrhitus  fnanttoraUis  being 
the  most  widely  diffused  of  these.  Only  one  species  of  this 
family,  Cirrhitus  rividatus,  a  large  fish,  green,  \\'ith  blue  mark- 
ings, is  foimd  in  American  waters.  It  frequents  the  rocky 
shores  of  the  west  coast  of  Mexico. 

Allied  to  the  Cirrhitidw  is  the  small  family  of  Lairididw, 
with  a  long  dorsal  fin  deeply  divided,  and  the  lower  rays  of 
the  pectoral  similarly  modified.  Latris  hecateia  is  called  the 
**  trumpeter  *'  in  Australian  waters.  It  is  one  of  the  best  food- 
fishes  of  Australia,  reaching  a  weight  of  sixty  to  eighty  pounds. 

Another  small  family  showing  the  same  peculiar  structure 
of  the  pectoral  fin  is  that  of  the  Aplodactylidw.     The  species 
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of  Aplodaclylus  live  on  the  coasts  of  Chile  and  Australia.  They 
are  herbivorous  fishes,  with  flat,  tricuspid  teeth,  and  except 
for  their  pectoral  fins  are  very  similar  to  the  KyphosidcE. 


Valenciennes. 


The  Sandfishes:  Trichodontidse. — In  the  neighborhood  of  the 
Latrididce,  Dr.  Boulenger  places  the  TrichodontidcE  or  sandfishes, 
small,  scaleless,  silvery  fishes  of  the  northern   Pacific.     These 
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are  much  compressed  in  body,  \vith  very  oblique  mouths,  with 
fringed  lips  and,  as  befits  their  northern  habitat,  with  a  much 
increased  number  of  vertebra.  They  bury  themselves  in  sand 
under  the  surf,  and  the  two  species,  Triehodon  triehodon  and 
Arcloscopus  japonicus,  range  very  widely  in  the  regions  washed 
by  the  Japan  current.  These  species  bear  a  strong  resemblance 
to  the  star-gazers  {Ura»oscoptts),  but  this  likeness  seems  to  be 
supjrficial  only. 


CHAPTER  XXXVI 
LABYRINTHICI    AND    HOLCONOTI. 

HE  Labyrinthine  Fishes. — An  offshoot  of  the  Percomorphi 
is  the  group  of  Labyrinthici,  composed  of  perch-like 
fishes  which  have  a  very  peculiar  structure  to  the 
pharyngeal  bones  and  respiratory  apparatus.  This  feature  is 
thus  described  by  Dr.  Gill: 

"The  upper  elements  of  one  of  the  pairs  of  gill-bearing 
arches  are  pectiliarly  modified.  The  elements  in  question 
(called  branchihyal)  of  each  side,  instead  of  being  straight 
and  solid,  as  in  most  fishes,  are  excessively  developed  and  pro- 
vided with  several  thin  plates  or  folds,  erect  from  the  surface 
of  the  bones  and  the  roof  of  the  skull,  to  which  the  bones  are 
attached.  These  plates,  by  their  intersection,  form  chambers, 
and  are  lined  with  a  vascular  membrane,  which  is  supplied 
with  large  blood-vessels.  It  was  formerly  supposed  that  the 
chambers  referred  to  had  the  office  of  receiving  and  retaining 
supplies  of  water  which  should  trickle  down  and  keep  the  gills 
moist;  such  was  supposed  to  be  an  adaptation  for  the  sus- 
tentation  of  life  out  of  the  water.  The  experiments  of  Surgeon 
Day,  however,  throw  doubt  upon  this  alleged  fimction,  and 
tend  to  show:  (i)  that  these  fishes  died  when  deprived  of  access 
to  atmospheric  air,  not  from  any  deleterious  properties  either 
in  the  water  or  in  the  apparatus  used,  but  from  being  unable 
to  subsist  on  air  obtained  solely  from  the  water,  aerial  respira- 
tion being  indispensable;  (2)  that  they  can  live  in  moisture 
out  of  the  water  for  lengthened  periods,  and  for  a  short,  but 
variable  period  in  water  only ;  and  (3)  that  the  cavity  or  recep- 
tacle does  not  contain  water,  but  has  a  moist  secreting  surface, 
in  which  air  is  retained  for  the  purpose  of  respiration.  It 
seems  probable  that  the  air,  after  having  been  supplied  for  aerial 
respiration,  is  ejected  by  the  mouth,  and  not  swallowed  to  be 
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discharged  per  anum.  In  fine,  the  two  respiratory  factors 
of  the  branchial  apparatus  have  independent  functions:  (i) 
the  labyrinthiform,  or  branchihyal  portion,  being  a  special  modi- 
fication for  the  respiration  of  atmospheric  air,  and  {2)  the  gill 
filaments  discharging  their  normal  function.  If,  however, 
the  fish  is  kept  in  water  and  prevented  from  coming  to  the 
surface  to  swallow  the  atmospheric  air,  the  labyrinthiform 
apparatus  becomes  filled  with  water  which  cannot  be  dis- 
chai^ed,  owing  to  its  almost  non-contractile  powers.  There 
is  thus  no  means  of  emptying  it,  and  the  water  probably 
becomes  carbonized  and  unfit  for  oxygenizing  the  blood,  so 
that  the  whole  of  the  respiration  is  thus  thrown  on  the  branchiae. 
This  will  account  for  the  fact  that  when  the  fish  is  in  a  state 
of  quiescence,  it  lives  much  longer  than  when  excited,  whilst 
the  sluggishness  sometimes  evinced  may  be  due  to  poisoned 
or  carbonized  blood." 

Four  families  of  labyrinth-gilled  fishes  are  recognized  by 
Professor  Gill ;  and  to  these  we  may  append  a  fifth,  which,  how- 
ever, lacks  the  elaborate  structures  mentioned  above  and 
which  shows  other  evidences  of  degeneration. 

The  Climbing-perches:  Anabantidse. — The  family  of  AnabaH' 
tid<B,  according  to  Gill,  "includes  those  species  which  have  the 


Fig.  a 


mouth  of  moderate  size  and  teeth  on  the  palate  (either  on  the 
vomer  alone,  or  on  both  the  vomer  and  palatine  bones).  To 
the  family  belongs  the  celebrated  climbing-fish. 

"  The  climbing-fish    (A  nahas   scaiideiis)    is    especially   note- 
worthy for  the  movability  of  the  sub-operculum.     The  oper- 
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cultim  is  serrated.  The  color  is  reddish  olive,  with  a  blackish 
spot  at  the  base  of  the  caudal  fin;  the  head,  below  the  level 
of  the  eye,  grayish,  but  relieved  by  an  olive  band  running  from 
the  angle  of  the  mouth  to  the  angle  of  the  pre-opercultmi,  and 
with  a  black  spot  on  the  membrane  behind  the  hindermost 
spines  of  the  opercultmi. 

"The  climbing-fish  was  first  made  known  in  a  memoir, 
printed  in  1797,  by  Daldorf,  a  lieutenant  in  the  service  of  the 
Danish  East  India  Company  at  Tranquebar.  Daldorf  called 
it  Perca  scandens,  and  affirmed  that  he  himself  had  taken  one 
of  these  fishes,  clinging  by  the  spine  of  its  operctdtmi  in  a  slit 
in  the  bark  of  a  palm  (Borassus  flabelliformts)  which  grew  near 
a  pond.  He  also  described  its  mode  of  progression;  and  his 
observations  were  substantially  repeated  by  the  Rev.  Mr.  John, 
a  missionary  resident  in  the  same  cotmtry.  His  positive  evi- 
dence was,  however,  called  into  question  by  those  who  doubted 
on  accoimt  of  hypothetical  considerations.  Even  in  popular 
works  not  generally  prone  to  even  a  judicious  skepticism, 
the  accoimts  were  stigmatized  as  tmworthy  of  belief.  We 
have,  however,  in  answer  to  such  doubts,  too  specific  informa- 
tion to  longer  distrust  the  reliability  of  the  previous  reports. 

"Mr.  Rtmgasawmy  Moodeliar,  a  native  assistant  of  Capt. 
Jesse  Mitchell  of  the  Madras  Government  Central  Museum, 
commtmicated  to  his  superior  the  statement  that  *this  fish 
inhabits  tanks  or  pools  of  water,  and  is  called  Panai  feri,  i.e , 
the  fish  that  climbs  palmyra-trees.  When  there  are  palmyra- 
trees  growing  by  the  side  of  a  tank  or  pool,  when  heavy  rain 
falls  and  the  water  runs  profusely  down  their  trunks,  this  fish, 
by  means  of  its  opercula,  which  move  unlike  those  of  other 
fishes,  crawls  up  the  tree  sideways  (i.e.,  inclining  to  the  sides 
considerably  from  the  vertical)  to  a  height  of  from  five  to  seven 
feet,  and  then  drops  down.  Should  this  fish  be  thrown  upon 
the  grotmd,  it  runs  or  proceeds  rapidly  along  in  the  same  manner 
(sideways)  as  long  as  the  mucus  on  it  remains.' 

**  These  movements  are  effected  by  the  opercula,  which,  it 
will  be  remembered,  are  unusually  mobile  in  this  species ;  they 
can,  according  to  Captain  Mitchell  (and  I  have  verified  the 
statement),  be  raised  or  turned  outwards  to  nearly  a  right 
angle  with  the  body,  and  when  in  that  position,  the  suboper- 
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culum  distends  a  little,  and  it  appears  that  it  is  chiefly  by  the 
spines  of  this  latter  piece  that  the  fish  takes  a  ptirchase  on 
the  tree  or  grotind.  *I  have/  says  Captain  Mitchell,  'ascer- 
tained by  experiment  that  the  mere  closing  of  the  operculum, 
when  the  spines  are  in  contact  with  any  surface,  even  common 
glass,  ptills  an  ordinary-sized  fish  forwards  about  half  an  inch,' 
but  it  is  probable  that  additional  force  is  supplied  by  the  cau- 
dal and  anal  fins,  both  of  which,  it  is  said,  are  put  in  use  when 
climbing  or  advancing  on  the  grotind;  the  motion,  in  fact,  is 
described  as  a  wriggling  one. 

"The  cUmbing-fish  seems  to  manifest  an  inclination  to 
ascend  streams  against  the  current,  and  we  can  now  understand 
how,  during  rain,  the  water  will  flow  down  the  trunk  of  a  tree, 
and  the  climbing-fish, .  taking  advantage  of  this,  will  ascend 
against  the  down-flow  by  means  of  the  mechanism  already 
described,  and  by  which  it  is  enabled  to  reach  a  considerable 
distance  up  the  trunk/'     (Gill.) 

The  Gouramis:  Osphromenidse. — **The  OsphromenidcB  axe  fishes 
with  a  mouth  of  small  size,  and  destitute  of  teeth  on  the 
palate.  To  this  family  belongs  the  gourami,  whose  praises  have 
been  so  often  sting,  and  which  has  been  the  subject  of  many 
efforts  for  acclimatization  in  France  and  elsewhere  by  the  French. 

'*The  gourami  {Osphromemis  goramy)  has  an  oblong,  oval 
form,  and,  when  mature,  the  color  is  nearly  uniform,  but  in  the 
young  there  are  black  bands  across  the  body,  and  also  a  blackish 
spot  at  the  base  of  the  pectoral  fin.  The  gourami,  if  we  can 
credit  reports,  occasionally  reaches  a  gigantic  size,  for  it  is 
claimed  that  it  sometimes  attains  a  length  of  6  feet,  and  weighs 
150  pounds,  but  if  this  is  true,  the  size  is  at  least  exceptional, 
and  one  of  20  pounds  is  a  very  large  fish;  indeed,  they  are 
considered  very  large  if  they  weigh  as  much  as  12  or  14  pounds, 
in  which  case  they  measure  about  2  feet  in  length. 

'*The  countries  in  which  the  gourami  is  most  at  home  lie 
in  the  intertropical  belt.  The  fish  is  assiduous  in  the  care  of 
its  young,  and  prepares  a  nest  for  the  reception  of  eggs.  The 
bottom  selected  is  muddy,  the  depth  variable  within  a  narrow 
area,  that  is,  in  one  place  about  a  yard,  and  near  by  several 
yards  deep. 

"  They  prefer  to  use,  for  the  nests,  tufts  of  a  peculiar  grass 
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{Panicum  jumetOorum )  vlrich  grcfws  on  the  snrface  of  i2ie 
and  wiiQfie  floating  roots,  rismg  and  falling  'witb  ti»  mnvemeKs 
of  Ihe  crater,  form  nattxra]  galleries,  xmder  ^^cb  the  f^<^  car 
conceal  themselveB.  In  one  of  the  comers  of  the  pond,  grnf^ng 
the  plaiitB  irlndh  grow  there,  the  gum  amis  attach  their  nesx. 
which  is  of  a  nearly  spherical  form,  and  composed  of  plnmis 
and  mnd,  and  considerablT  resembles  in  form  those  erf  same 
brrdfi. 

**  The  gonrami  is  oronivorons,  taking  at  times  flesh,  fish,  tresis. 
insects,  worms,  and  many  kinds  of  v^etables;  and  on  acccnmt 
of  its  omrm^oroiis  habit,  it  has  been  called  by  the  French  cciloK 
nists  of  Maiu'itiiis  pore  des  riinbrcs,  or  *  river-pig/  It  i*;,  how- 
ever, essentially  a  vegetarian,  and  its  adaptation  for  this  diet 
is  indicated  bj-  the  extremely  elongated  intestinal  canal,  which 
is  many  times  folded  upon  itself.  It  is  said  to  be  ^spedaUr 
fond  of  the  leaves  of  se^^eral  araceous  plants.  Its  flesh  is, 
according  to  Be\'entl  atithc^s.  of  a  light -yellow  straw-odlar,  firm 
and  eas}^  of  digestion.  The\'  vary  in  quality-  with  the  natare 
of  the  waters  inhabited,  those  taken  from  a  rocla'  river  bcinjr 
much  superior  to  those  frrxm  muddj'  ponds ;  but  those  dwelling 
at  the  mouth  of  rivers,  where  the  water  is  to  some  extent  brack- 
ish, are  the  best  of  all.  Again,  they  vary  with  age:  and  the 
large,  overgrown  fishes  are  much  less  esteemed  than  the  small 
ones.  They  are  in  their  prime  when  three  years  old.  Dr.  Vin- 
son says  the  flavor  is  somewhat  like  that  of  carp;  and.  if  this 
is  so,  we  may  entertain  s<')me  skepticism  as  to  its  superiority*; 
but  the  tmanimous  testimcjny  in  favor  of  its  excellence  natu- 
rally leads  to  the  belief  that  the  comparison  is  unfair  to  the 
gourami. 

*' Numerous  attempts  have  l:>een  made  by  the  French  to 
introduce  the  gourami  into  their  countr\%  as  w-ell  as  into  several 
of  their  provinces;  and  f<';r  a  ntmiber  of  years  consignments  of 
the  eggs,  or  the  young,  or  adult  fish,  were  made.  Although 
at  least  partially  successful,  the  fish  has  never  been  domiciliated 
in  the  RepubUc,  and,  indeed,  it  could  not  be  reasonably  expected 
that  it  would  be,  knowing,  as  we  do,  its  sensitiveness  to  cold  and 
the  climates  tmder  which  it  thrives. 

"  The  fish  of  paradise  (Macropodus  inrtdi-aiiratus )  is  a  species 
remarkable  for  its  beauty  and   the   extension  of  its   fins,  and 
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especially  of  the  ventrals,  which  has  obtained  for  it  the  generic 
name  Macropodus,  To  some  extent  this  species  has  also  been 
made  the  subject  of  fish-cnlttire,  but  with  reference  to  its  beauty 
and  exhibition  in  aquaria  and  ponds,  like  the  goldfish,  rather 
than  for  its  food  qualities. 

**The  only  other  fish  of  the  family  that  needs  mention  is  the 
fighting-fish  (Betta  fnignax).  It  is  cultivated  by  the  natives  of 
Siam,  and  a  special  race  seems  to  have  been  the  result  of  such 
cultivation.  The  fishes  are  kept  in  glasses  of  water  and  fed, 
among  other  things,  with  the  larvae  of  mosquitoes  or  other 
aquatic  insects.  *The  Siamese  are  as  infatuated  with  the  com- 
bats of  these  fishes  as  the  Malays  are  with  their  cock-fights,  and 
stake  on  the  issue  considerable  simis,  and  sometimes  their  own 
persons  and  families.  The  license  to  exhibit  fish-fights  is  farmed, 
and  brings  a  considerable  annual  revenue  to  the  king  of  Siam. 
The  species  abotmds  in  the  rivulets  at  the  foot  of  the  hills  of 
Penang.  The  inhabitants  name  it  *pla-kat/  or  the  'fighting- 
fish.'  " 

The  HelostomidcB  are  herbivorous,  with  movable  teeth  on  the 
lips  and  with  long  intestines.  Helostoma  temmincki  lives  in 
the  rivers  of  Java,  Borneo,  and  Sumatra. 

The  LuciocephalidcB  of  East  Indian  rivers  have  the  supra- 
branchial  organ  small,  formed  of  two  gill-arches  dilated  by  a 
membrane.  In  these  species  there  are  no  spines  in  the  dorsal 
and  anal,  while  in  the  AnabantidoB  and  Osphromenidw  numerous 
spines  are  developed  both  in  the  dorsal  and  anal.  Luciocephalus 
pidcher  indicates  a  transition  toward  the  Ophtcephaltdcu. 

The  Snake-head  Mullets:  Ophicephalidae. — The  family  of  Ophi- 
cephalidcB,  snake-head  mullets,  or  China-fishes,  placed  among 
the  Percesoces  by  Cope  and  Boulenger,  seems  to  us  nearer 
the  Labyrinthine  fishes,  of  which  it  is  perhaps  a  degenerate 
descendant.  The  body  is  long,  cylindrical,  covered  with  firm 
scales  which  on  the  head  are  often  larger  and  shield-like.  The 
mouth  is  large,  the  head  pike-like,  and  the  habit  carnivorous  and 
voracious.  There  are  no  spines  in  any  of  the  fins,  but  the  tho- 
racic position  of  the  ventrals  indicates  affinity  with  perch-like 
forms  and  the  absence  of  ventral  spines  seems  rather  a  feature  of 
degradation,  the  more  so  as  in  one  genus  {Channa)  the  ventrals 
are  wanting  altogether.     The  numerous   species  are  found  in 
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the  rivers  of  southern  China  and  India,  crossing  to  Formosa  and 
to  Africa.  They  are  extremely  tenacious  of  hfe,  and  are  carried 
alive  by  the  Chinese  to  San  Francisco  and  to  Hawaii,  where 
they  are  now  naturalized,  being  known  as  "China-fishes." 


Fio.  473  — Channa  fornuttana  Jordan  &  Evcmuuin.     StrCADW  of  FdmuiM. 

These  fishes  have  no  special  organ  for  holding  water  on  the 
gills,  but  the  gill  space  may  be  partly  closed  by  a  membrane. 
According  to  Dr.  Gunther,  these  fishes  are  "able  to  survive 
drought  living  in  semi-fluid  mud  or  lying  in  a  torpid  state 
below  the  hard-baked  crusts  of  the  bott/jm  of  a  tank  fnjm 
which  every  drop  of  water  has  disappcarcfl.     Respiration  is 


Fic.  474.  — Suake^ttaukd  Cliiini-lMi,  OfMxepkalw  tiaroa.     Icufia.     IMutt  l>»y.) 


probably  entirely  Eusj^^endt*!  <luring  the  Stat*  'A  X/jr\nf\iiy,  but 
whilst  the  mud  is  still  soft  wi'/uj^h  X/>  iAV'rx  thttn  v>  t:'imti  %/»  the 
surface,  they  rise  at  inu-rvals  xjj  take  in  a  (juantity  <A  air,  by 
means  of  which  their  \Af/A  is  'yxygt-nizcj.  This  halyjt  has  ^l^9^f^ 
obsen-t»5  in  siume  sj«ic-it:s  Vj  c^minut  alwy  \n  the  \*frvA  •/  tbe 
j-ear  in  which  the  fish  33ve=  in  ji'ynTial  water,  an.'!  in.<3ivi(!uaU 
which  are  kept  in  a  ^jasin  &nd  jyrt^'«it*j(i  i"r',im  <./j«n)r)^  Vy  \\»t 
surface  and  rene^'irig  ihe  a:r  f'.T  respiraV^-  j/ur;>',fSeK  are  syfT-y- 
calesi-  Tlkfc  jartii-jiar  rr^inrtT  in  whxh  the  a'xxr^!i',T>'  l.Tarii-i.-iisJ 
ca-sTty  psfftkipcit**  ki  rtsjJcrsT.-.-r^'  f■lmni<J!0,'^  is-  r.//.  kr-'/iftij  Jt 
is  a  SHnjle:  .c&viTv.  -with'^at  iji  oSS.*£\A/ffy  "'t/rafj.'l.-jC   'jr4i.r:.  \':jK 
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opening  of  which  is  partly  closed  by  a  fold  of  the  mucom  mem- 
brane, " 

Ophicephalus  striatus  is  the  most  widely  diffused  species  in 
China,  India,  and  the  Philippines,  living  in  grassy  swamps  and 
biting  at  any  bait  from  a  live  frog  to  an  artificial  salmon-fly. 
It  has  been  introduced  into  Hawaii.  Ophicephalus  ntarulius 
is  another  very  common  species,  as  is  also  Channa  orientalis, 
known  by  the  absence  of  ventral  fins. 

Suborder  Holconoti,  tlie  Suri-fishes. — ^Another  offshoot  from  the 
perch-like  forms  is  the  small  suborder  of  Ho/conoii  {oXkos,  furrow; 
vtSros,  back).  It  contains  fishes  percoid  in  appearance,  with  much 
in  common  with  the   Gerrids   and   Sparidm,  but  with  certain 


Fia.  4Ta. — White  Surt-fisli,  \ivip;irnii«.  with  yoiiiiB,  Cymatognster aggregaius  Gibbons. 


striking  characteristics  not  possessed  by  any  perch  or  bass.  All  the 
species  are  \'iviparous,  bringing  forth  their  young  alive,  these  being 
in  small  number  and  born  at  an  advanced  stage  of  development. 
The  lower  pharyngeals  are  sdlidly  united,  as  in  the  LabridtE, 
a  group  which  these  fishes  resemble  in  scarcely  any  other  respects. 
The  soft  dorsal  and  anal  are  formed  of  many  fine  rays,  the 
anal  being  peculiarly  modified  in  the  male  sex.  The  nostrils, 
ventral  fins,  and  shoulder-girdle  have  the  structure  normal 
among  perch-like  fishes,  and  the  dorsal  furrow,  which  sug- 
gested to  Agassiz  the  name  of  Holconoti,  is  also  found  among 
various  perch-like  forms. 
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The  Embiotocids. — The  group  contains  a  single  family,  the 
EminotocidcB,  or  surf-fishes.    All  but  two  of  the  species  are  confined 


to  California,  these  two  living  in  Japan.  The  species  are  rela- 
tively small  fishes,  from  five  inches  to  eighteen  inches  in  length, 
with  rather  large,  usually  silvery  scales,  small  mouths  and 
small  teeth.  They  feed  mainly  on  crustaceans,  two  or  three 
species  being  herbivorous.     With  two  exceptions,  they  inhabit 


Fio.  477, — Hypiurut  earyi  (Agassiz).    Monterey, 

the  shallow  waters  on  sandy  beaches,  where  they  bring  forth 
their  young.     They  can  be  readily  taken  in  nets  in  the  surf. 
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As  food-fishes  they  are  rather  inferior,  the  flesh  being  aoaie- 
wbaA  watery  and  with  little  flavor..    Many  are  dried  by  the 


no.  4n.— Wlute  Sutf-fiah, 


Chinese.  The  two  e:cceptions  in  distribution  ace  Hysttroear- 
pus  tradti,  which  lives  exclusively  in  fresh  waters,  being  con- 
fined to  the  lowlands  of  the  Sacramento  Basin,  and  Zaltmbius 
rosacrus,  which  descends  to  considerable  depths  in  the  sea.  In 
HysttnearpMS  the  spinous   dorsal   is  very  greatly  devdcqwd. 


r.mVi-f  .^r^KQc    Montetvj,  Chi. 
:.   ihe  otKM^  hax'ing  but 

;in'.ong  the  di&rcDt 
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species,  for  which  reason  almost  every  species  has  been  prop- 
erly made  the  type  of  a  distinct  genus.  The  two  species 
found  in  Japan  are  Ditrema  temmincki  and  Neoditrema  ran- 
sonneti.  In  the  latter  species  the  female  is  always  toothless. 
Close  to  Ditrema  is  the  blue  surf-fish  of  California,  Embiotoca 
jacksoni,  the  first  discovered  and  perhaps  the  commonest 
species.  Taniotoca  lateralis  is  remarkable  for  its  bright  colora- 
tion, greenish,  with  orange  stripes.  Hypsurus  caryi,  still  brighter 
in  color,  orange,  green  and  black,  has  the  abdominal  region 
very  long.  Phanerodon  furcatus  and  P.  airipes  are  dull  silvery 
in  color,  as  in  Damalichthys  argyrosomus,  the  white  surf-fish, 
which  ranges  northward  to  Alaska,  and  is  remarkable  for  the 
extraordinary  size  of  its  lower  pharyngeals.  Holconotus  rhodo- 
terus  is  a  large,  rosy  species,  and  AmphisHchus  argenteus  a  large 


Fig.  480— SUver  Surf-fish  (vi 


Species  with  dull  yellowish  cross-bands.  Rhachochilus  toxotes 
is  the  largest  species  in  the  family  and  the  one  most  valued 
as  food.  It  is  notable  for  its  thick,  drooping,  ragged  lips. 
Hyperprosopon  arcuattis,  the  wall-eye  surf -fish,  is  brilliantly 
silvery,  with  very  large  eyes.  H.  agassizi  closely  resembles 
it,  as  does  also  the  dwarf  species,  Hypocritichthys  analts,  to 
which  the  Japanese  Neoditrema  ransomieti  is  very  nearly  re- 
lated. The  other  species  are  all  small.  Abeona  minima  and 
A.  aurora  feed  on  seaweed.  Brachyistiiis  frcnatus  is  the  smallest 
of  all,  orange-red  in  color,  while  its  relative,  Zalcmbiiis  rosacais. 
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is  handsomest  of  all,  rose-red  with  a  black  lateral  spot,  Cytna- 
togaster  aggregatus.  the  surf-shiner,  is  a  little  fish,  excessively 
common  along  the  California  coast,  and  from  its  abundrnce 
it  has  been  selected  by  Dr.  Eigenmann  as  the  basis  of  his  stmiies 


of  these  fishes.     In  this  species  the  male  shows  golden  and 
black  markings,  which  are  wanting  in  the  silvery  female,  and 
the  anterior  rays  of  the  anal  are  thickened  or  otherwise  modified. 
No  fossil  embiotocoids  are  recorded. 


CHAPTER  XXXVII 

CHROMIDES  AND  PHARYNGOGNATHI 

UBORDER  Chxomides. — The  suborder  Chromides  con- 
tains spiny-rayed  fishes  similar  to  the  perch-like 
forms  in  most  regards,  but  strikingly  distinguished 
by  the  complete  imion  of  the  lower  pharyngeal  bones,  as  in  the 
Holcoftoti  and  Pharyngognathi,  and  still  more  remarkably  by 
the  presence  of  but  one  nasal  opening  on  each  side.  In  all  the 
perch-like  fishes  and  in  nearly  all  others  there  are  two  nasal 
openings  or  nostrils  on  each  side,  these  two  entering  into  the 
same  nasal  sac.  In  all  the  Chromides  the  lateral  line  is  incom- 
plete or  interrupted,  and  the  scales  are  usually  large  and  ctenoid. 

The  Cichlidae. — The  suborder  Chromides  includes  two  fami- 
lies, Cichlidce,  and  Pomacentridce.  The  Cichlidce  are  fresh-water 
fishes  of  the  tropics,  characterized  by  the  presence  of  three  to 
ten  spines  in  the  anal  fin.  In  size,  color,  appearance,  habits, 
and  food  value  they  bear  a  striking  resemblance  to  the  fresh- 
water simfishes,  or  Centrarchidce,  of  the  eastern  United  States. 
This  resemblance  is  one  of  analogy  only,  for  in  structiu*e  the 
Cichlidce  have  no  more  in  common  with  the  Centrarchidce  than 
with  other  famihes  of  perch  or  bass.  The  numerous  species 
of  Cichlidce  are  confined  to  tropical  America  and  to  correspond- 
ing districts  in  Africa  and  western  Asia.  Tilapia  nilotica 
abounds  in  the  Nile.  Tilapia  galilcsa  is  found  in  the  river 
Jordan  and  the  Lake  of  Galilee.  This  species  is  supposed  to 
form  part  of  the  great  draught  of  fishes  recorded  in  the  Gospels, 
and  a  black  spot  on  the  side  is  held  to  commemorate  the  touch 
of  Simon  Peter.  Nimierous  other  species  of  Cichlidce,  large  and 
small,  abound  in  central  Africa,  even  in  the  salt  ditches  of  the 
Sahara. 

The  species  of  Cichla,  especially  Cichla  ocellaris,  of  the  rivers 
of  South  America,  elongate  and  large-mouthed,  bear  a  strong 
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analogy  to  the  black  bass  of  farther  north.  A  vast  number 
of  species  belonging  to  Heros,  Acara,  Cichlasoma,  Geophagus, 
ChcBtobranchus,  and  related  genera  swarm  in  the  Amazon  region. 
Each  of  the  large  rivers  of  Mexico  has  one  or  more  species ;  one 
of  these,  Heros  cyanoguttatiis,  occurs  in  the  Rio  Grande  and  the 
rivers  of  southern  Texas,  its  range  corresponding  with  that  of 
Tetragonopterus  argentatus,  just  as  the  range  of  the  whole  family 
of  CichlidcB  corresponds  with  that  of  the  Characinidcs,  No  other 
species  of  either  family  enters  the  United  States.  A  similar 
species,  Heros  tetr acanthus,  abounds  in  the  rivers  of  Cuba,  and 
another,  Heros  beanie  called  the  mojarra  verde,  in  the  streams 
of  Sinaloa.  In  the  lakes  and  swamps  of  Central  America  Cich- 
lidcB and  Characinidce  are  very  abundant.  One  fossil  genus  is 
known,  called  Priscacara  by  Cope.  Priscacara  clivosa  and 
other  species  occur  in  the  Eocene  of  Green  River  and  the  Great 
Basin  of  Utah.  In  this  genus  vomerine  teeth  are  said  to  be 
present,  and  there  are  three  anal  spines.  None  of  the  living 
CichlidcB  has  vomerine  teeth. 

The  Damsel-fishes:  Pomacentridse. — The  Pornacentridce,  called 
rock-pilots  or  damsel-fishes,  are  exclusively  marine  and  have  in 
all  cases  but  two  anal  spines.  The  species  are  often  very  bril- 
liantly colored,  lustrous  metallic  blue  and  orange  or  scarlet 
being  the  prevailing  shades  among  the  bright-colored  species. 
Their  habits  in  the  reef  pools  correspond  very  closely  with  those 
of  the  Chcetodontidce.  With  the  rock-pilots,  as  with  the  butterfly- 
fishes,  the  exceeding  alertness  and  quickness  of  movement  make 
up  for  lack  of  protective  colors.  With  both  groups  the  choice 
of  rocky  basins,  crevices  in  the  coral,  and  holes  in  coral  reefs 
preserves  them  from  attacks  of  enemies  large  enough  to  destroy 
them.  In  Samoa  the  interstices  in  masses  of  living  coral  are 
often  filled  with  these  gorgeous  little  fishes.  The  Pomacentridce 
are  chiefly  confined  to  the  coral  reefs,  few  ranging  to  the  north- 
ward of  the  Tropic  of  Cancer.  Sometimes  the  young  are  colored 
differently  from  the  adult,  having  sky-blue  spots  and  often 
ocelli  on  the  fins,  which  disappear  with  age.  But  one  species 
Chromis  chromis,  is  found  in  the  Mediterranean.  Chromis 
punctipinnis,  the  blacksmith,  is  found  in  southern  Cahfomia, 
and  Chromis  notatiis  is  the  common  dogoro  of  Japan.  One  of 
the  largest  species,  reaching  the  length  of  a  foot,  is  the  Gari- 
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baldi,  Hypsypops  rubtcundus,  of  the  rocky  shores  of  southern 
Califomia.     This  fish,   when  full  grown,  is  of  a  pure  bright 


V 


scarlet.     The    young   are    greenish,    marked   with    blue    spots. 
Species  of  Pomacentrus,  locally  known  as  pescado  azul,  aboiuul 
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in  the  West  Indies  and  on  the  west  coast  of  M^co.  Pomacm- 
trus  fuscus  is  the  commonest  West  Indian  species,  and  Pomaeen- 
trus  rectifrenum  the  most  abundant  on  the  west  coast  of  Mexico, 
the  young,  of  an  exquisite  sky-blue,  crowding  the  rock  pools. 
Pomacentrus  of  many  species,  blue,  scarlet,  black,  and  golden, 
abound  in  Polynesia,  and  no  rock  pool  in  the  East  Indies  is 
without  several  forms  of  this  type.  The  type  reaches  its  greatest 
development  in  the  south  seas.  About  forty  different  species  of 
Pomacerttrus  and  Glypkisodon  occur  in  the  corals  of  the  harbor 
of  Apia  in  Samoa. 

Almost  equally  abundant  are  the  species  of  Glyphtsddon.    llie 
"coclreye  pikrt,"  or  jaqueta,  Glypkisodon  marginaius,  green  with 


Fio.  484. — Cockeye  Klot,  Glyphitodon  margitmivt  (Bloch).  Cubit, 
black  bands,  swarms  in  the  West  Indies,  occasionally  ranging 
northward,  and  is  equally  common  on  the  west  coast  of  Mexico. 
Glypkisodon  abdominalts  replaces  it  in  Hawaii,  and  the  Asiatic 
Glypkisodon  saxatilis  is  perhaps  the  parent  of  both.  Glypkisodon 
sordidus  banded  with  pale  and  with  a  black  ocellus  below  the 
soft  dorsal  is  very  common  from  Hawaii  to  the  Red  Sea,  and  is 
a  food-fish  of  some  importance.  Glypkisodon  ccelestiniis  bhie, 
with  black  bands,  abounds  in  the  south  seas. 
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The  many  species  of  Amphiprion  are  always  brilliant,  red 
or  orange,  usually  marked  by  one  or  two  cross-bands  of  creamy 
blue.  Amphiprion  melanopus  abounds  in  the  south  seas. 
Azurina  kirundo  is  a  slender  species  of  lower  California  of  a 
brilliant  metallic  blue.  All  these  species  are  carnivorous,  feed- 
ing  on  shrimps,  worms,  and  the  like. 

Microspatkodon  is  herbivorous,  the  serrated  incisors  being 
loosely  implanted  in  the  jaws.  Microspatkodon  dorsalis,  of  the 
west  coast  of  Mexico,  is  of  a  deep  indigo-blue  color,  with  streamer- 
like fins.  Microspatkodon  chrysurus,  of  the  West  Indian  coral 
reefs,  black  with  roimd  blue  spots  and  the  tail  yellow.     This 


Ftq.  4^0— In<UgD   DbuvkI  fish,    Mieroapatluxlon   dartalia   (Gill).     Maiatlan,   Mmi, 

family  is  probably  of  recent  origin,  as  few  fossils  are  referred 
to  it.     Odonteus  pygmisus  of  the  Eocene  perhaps  belongs  to  it. 

Suborder  Pharyngognathi. — The  wrasses  and  parrot-fishes,  con- 
stituting the  group  called  Pharyngognathi  {(})api'jy£,  gullet ;  yyaSoS, 
jaw),  by  Johannes  Muller,  have  the  lower  pharyngeal  bones 
much  enlarged  and  solidly  united,  their  teeth  being  either 
rounded  or  else  flat  and  paved.  The  nostrils,  ventral  fins, 
pectoral  fins  and  shoulder-girdle  are  of  the  ordinary  perch- 
like type.  The  teeth  are,  however,  highly  specialized,  usually 
large  and  canine-like,  developed  in  the  jaws  only,  and  the  gills 
are  reduced  in  number,  3^  instead  of  4,  with  no  sV:z  behind  the 
last  half  gill.  The  scales  are  always  cycloifl  and  are  usu,Tlly  large. 
In  the  tropical  forms  the  vertebrs  are  always  twenty-four  in 
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nximber  (10+14),  but  in  northern  forms  the  number  is  largely 
increased  with  a  proportionate  increase  in  the  number  and 
strength  of  the  dorsal  spines.  All  the  species  are  strictly  marine, 
and  the  coloration  is  often  the  most  highly  specialized  and 
brilliant  known  among  fishes,  the  predominant  shade  being 
blue. 

All  are  carnivorous,  feeding  mainly  on  crustaceans  and 
snails,  which  they  crush  with  their  strong  teeth,  there  being 
often  a  strong  canine  at  the  posterior  end  of  the  premaxillary, 
which  holds  the  snail  while  the  lower  jaw  acts  upon  it.  The 
species  are  very  numerous  and  form  the  most  conspicuoixs 
feature  in  the  fish  markets  of  every  tropical  port.     They  abound 


Fio.   4«0  — ToutOR,  Tautoga  onilis  (L.).     Wood's  Hole,  Mass, 


especially  in  the  pools  and  openings  in  the  coral  reefs.  All  are 
good  for  food,  though  all  are  relatively  flavorless,  the  flesh 
being  rather  soft  and  not  oily. 

The  Wrasse  Fishes:  LabridEe. — The  principal  family  is  that  of 
the  Labridtc,  characterized  by  the  presence  of  separate  teeth 
in  the  front  of  the  jaws.  Numerous  fossil  species  are  known 
from  the  Eocene  and  Miocene.  Most  of  these  are  known  only 
from  the  lower  phar>'ngeal  bones.  Labrodon  is  the  most  widely 
diffused  genus,  probably  allied  to  Labnis.  but  with  a  pile  of 
successional  teeth  beneath  each  functional  tooth.  The  species 
are  mostly  from  the  Miocene. 

The  northern  forms  of  Labridw  are  known  as  wxasse  on  the 
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coasts  of  England.  Among  these  are  Labrus  bergylta,  the  ballan 
wrasse;  Labrus  viridis,  the  green  wTasse;  Labrtis  ossiphagits. 
the  red  wrasse;  and  Labrus  mernla,  the  black  wrasse.  Acan- 
tholabrus  palloni  and  Cenirolabriis  exoietus  have  more  than 
three  anal  spines.  The  latter  species,  known  as  rock  cook,  is 
abundant  in  western  Norway,  as  far  north  as  Throndhjem,  its 
range  extending  to  the  northward  beyond  that  of  any  other 
Labroid.  Allied  to  these,  on  the  American  coast,  is  the  tautog 
or  blackfish,  Tautaga  onitis.  a  common  food-fish,  dusky  in 
color  with  excellent  white  flesh,  especially  abundant  on  the 
coast  of  New  England.  With  this,  and  still  more  abundant,  is 
the  cunner  or  chogset.   Taittogolabrns  adspersiis,  greenish-blue 
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in  color,  the  flesh  being  also  more  or  less  blue.  This  fish  is 
too  small  to  have  much  value  as  food,  but  it  readily  takes  the 
hook  set  for  better  fishes. 

In  the  Mediterranean  are  found  many  species  of  Crenilabrus, 
gaily  colored,  each  species  having  its  own  peculiar  pattern  and 
its  own  arrangement  of  inky  spots.  Among  these  are  Cremla- 
brus  mediterraiieus,  Crenilabnis  pavo,  and  Crenilabrus  griseus. 
With  these  are  the  small  species  called  Cienolabrtts  rupestris, 
the  goldsinny,  much  like  the  American  cunner,  and  the  long- 
nosed  Sympiiodus  scina. 

Of  the  many  West  Indian  species  we  may  notice  the  Capi- 
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taine  or  hogfish,  Lachnolaimus  maximtis,  a  great  fish,  crimson 
in  color,  with  its  fin  spines  ending  in  long  streamers ;  Bodianus 
rufus,  the  Spanish  lady-fish  or  pudiano,  half  crimson,  half 
golden.  Haliclueres  radiatus,  the  puddii^-wife  (a  mysterious 
word  derived  from  "  oldwife "  and  the  Portuguese  name,  pudi- 
ano), a  blue  fish  handsomely  mottled  and  streaked.  Of  the 
smaller  species,  Clepticus  parrs,  the  janissar\',  with  ver\'  small 
teeth,  Halidurres  bimttalus,  the  slippery-dick,  ranging  north- 
ward to  Cape  Hatteias,  and  DoratonoUts  megalepis,  of  an  intense 
grass-green  color,  are  among  the  most  notable.  The  razor- 
fish,  XynchUtys  psittactts,  red,  with  the  forehead  compressed 
to  a  sharp  edge,  is  found  in  the  Mediterranean  as  well  as  through- 
out the  West  Indies,  where  se\'eral  other  species  of  razor-fish 
also  occur. 

Scarcely  less  numerous  are  the  species  of  the  Pacific  Coast 
of  America.    Pimelonietopon  pulcher,  the  redfish  or  fathead  of 


.  49. — RAioT-fisfa,    XyricAtAyi   pntbmu    (LinnKin). 


southern  California,  reaches  a  length  of  two  feet  or  more.  It 
abounds  in  the  broad  band  of  giant  kelp  which  lines  the  Cali- 
fornia coast  and  is  a  food-fish  of  much  importance  The 
female  is  dull  crimson.  In  the  male  the  head  and  tail  are  black 
and  on  the  top  of  the  head  is  developed  with  age  a  great  adipose 
hump,  A  similar  hump  is  found  on  the  adult  of  several  other 
lai^e  labroids.  Similar  species  on  the  coast  of  South  America, 
differing  in  color  and  size  of  scales,  are  Pimelometopon  darx-ini, 
TrochocopHS  opercularis,  and  Bodianus  diploUmia.  The  seno- 
rita,  Oxyjulis  caiifomica,  is  a  daint^'  cream-colored  httle  fish 
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of  the  California  coast,  Halichceres  semicincitis,  the  kelpfish, 
light  olive,  the  male  \vith  a  blue  shoulder  bar,  is  found  in  south- 
em  California.  On  tJie  west  coast  of  Mexico  are  numerous 
species  of  Tlialassotna,  Halichares,  Pseudojulis.  Xyrichiitys 
and  Iniistius,  all  different  from  the  corresponding  species  in 
the  West  Indies,  and  equally  different  from  the  much  greater 


■Redfieh  (mule),  Piindnmetopon  jrukher  (Ayres).     Sui  Diego. 


variety  found  in  Hawaii  and  in  Samoa.     About  the  Polynesian 
and  \\'est  Indian  islands  abound  a  marvelous  wealth  of  forms  of 


Fio.  491. — Lepidiploii  pfrdilio  (Quoy  A  Gainmrii).     Wakanouni,  Jupsji. 

every  shade  and  pattern  of  bright  colors — blue,  green,  golden, 
scarlet,  crimson,  pintle — as  if  painted  on  with  lavish  hand  and 

often  in  the  most  gaudy  pattern,  although  at  times  laid  on 
with  the  greatest  delicacy.  The  most  brilliant  species  belong 
to  TlialassQtna  and  JuUs,  the  most  delicately  colored  to  Stetko- 
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julis  and  Cirrhilabrus.  In  Gomphosus  the  snout  is  prolonged 
on  a  long  slender  tube.  In  Cheilio  the  whole  body  is  elongate. 
In  Iniistiiis  the  first  two  dorsal  spines  fonn  a  separate  fin, 
the  forehead  being  sharp  as  in  Xyrichihys.  Other  widely 
distributed  genera  are  Anampses,  Lepidaplois,  Semicossyphus, 
DuynuBria,  Platyglossus,  Pseudolabrus,  Hologymnosus,  Macro- 
pharyngodon,  Coris,  Julis,  Hemipteronottis,  Novacidichthys, 
Cheilinus,'  Hemigymnus,  and  Cytnolutes.  Hcdichceres  is  as  abtind- 
ant  in  the  East  Indies  as  in  the  West,  one  of  its  species 
Halich<Bres  pcecilopterus  being  common  as  far  north  as  Hako- 
date in  Japan.  In  this  species  as  in  a  few  others  the  sexes 
are  very  different  in  color,  although  in  most  species  no  external 
sexual  differences  of  any  sort  appear.  In  the  East  Indian 
genus,  Pseudocheilintis,  the  eye  is  very  greatly  modified.  The 
cornea  is  thickened,  forming  two  additional  lens-like  structures. 

The  small  family  of  OdacidcB  differs  from  the  LabridcB  in 
having  in  each  jaw  a  sharp  cutting  edge  without  distinct  teeth 
anteriorly,  the  pharyngeal  teeth  being  pavement-like.  The 
scales  are  small,  very  much  smaller  than  in  the  ScaridcB,  the 
body  more  elongate,  and  the  structure  of  the  teeth  different. 
The  species  are  mostly  Australian,  Odax  balieatus  being  the 
most  abtmdant.     It  is  locally  known  as  kelpfish. 

In  the  Siphonognathidw  the  teeth  are  much  as  in  the  Odacidce, 
but  the  body  is  very  elongate,  the  snout  produced  as  in  the 
comet-fishes  (Fisttdaria),  and  the  upper  jaw  ends  in  a  long  skinny 
appendage.  Siphonognailius  argyrophanes,  from  Australia,  reaches 
a  length  of  sixteen  inches. 

The  Parrot-fishes:  Scarito. — ^The  parrot-fishes,  or  ScaridcB,  are 
very  similar  to  the  Labrtdce  in  form,  color,  and  scales,  but 
differ  in  the  more  or  less  complete  fusion  of  the  teeth,  a  char- 
acter which  varies  in  the  different  genera. 

Of  these  the  most  primitive  is  Calotomus,  confined  to  the 
East  Indies  and  Polynesia.  In  this  genus  the  teeth  are  united 
at  base,  their  tips  free  and  imbricated  over  the  siuface  of  the 
jaw. 

The  species  are  dull  in  color,  reddish  or  greenish.  Caloto- 
tnus  japonicus  is  the  Budai  or  Igami  of  Japan.  Calotcnnus 
sandwichensis  and  Calotomns  irradians  are  found  in  Hawaii, 
and    Calotomiis   xenodon   on   the   offshore   islands   of    Mexico. 
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In  Calotomus  the  dorsal  spines  are  slender.  In  Scaridea  (balia) 
of  the  Hawaiian  Islands  the  first  dorsal  is  formed  of  pungent 
spines  as  in  Sparisoma. 


Fia.4e3.  Fia.4S8. 

Fia.  492, — Pharyngeals  of  Italian   Parrot-fish,  Sparitoma  c 


Cryptotomus  ot  the  Atlantic  is  also  a   transitional    group 
having  the  general  characters  of  Sparisoma,  but  the  anterior 


Fio.  494.  —Cryptolt 


Jordan  &  Swain,    Key  West,  FloriUa. 


teeth  more  separate.  The  several  species  are  all  small  and 
characteristic  of  the  West  Indian  fauna,  one  species,  Crypto- 
tomus bcryllinits,  ranging  northward  to  Long  Island. 
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In  the  lai^e  genus  Sftirisotna  the  teeth  arc  more  com- 
pletely joined.  In  this  group,  which  is  found  only  in  the  trop- 
ical Atlantic,  the  lower  pharyngeals  are  broader  than  long  and 


Flo.  48S  — Sifiruoma  hoplomytlax  (Cope).     Key  Weal, 

hexagonal.  The  teeth  of  the  jaws  are  not  completely  united, 
the  dorsal  spines  are  pungent,  the  lateral  line  not  interrupted, 
and  the  gill  membranes  broadly  united  to  the  isthmus. 

Of  the  numerous  species  the  dull-colored  Sparisoma  flaves- 


cens  is  most  abundant  in  the  West  Indies  and  ranges  farther 
north  than  any  other.    Sparisoma  crelense,  the  Scarus  of  the 
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ancients,  is  found  in  the  Mediterranean,  being  the  only  member 
of  the  family  known  in  Europe  and  the  only  Sparisoma  known 
from  outside  the  West  Indian  fauna. 

Other  West  Indian  species  are  the  red  parrot-fish,  Sparisoma 
abildgaardi,  Sparisoma  xysirodon,  Sparisoma  hoplomystax,  the 
last  two  being  small  species  about  the  Florida  Keys,  and  the 
handsome  Sparisoma  viride  from  the  West  Indies. 

Scarus  is  the  great  central  genus  of  parrot-fishes.  Its  mem- 
bers are  especially  abundant  in  Polynesia  and  the  East  Indies, 
the  center  of  distribution  of  the  group, 
although  some  extend  their  range  to 
western  Mexico,  Japan,  the  Red  Sea,  and 
Australia,  and  a  large  number  are  found 
in  the  West  Indies.  Most  of  them  are 
fishes  of  large  size,  but  a  few,  as  the  West 
Indian  Scarus  croicensis,  reach  the  length 
of  less  than  a  foot,  and  other  still  smaller 
species  {Scams  evermanni.  Scants  boll- 
mani)  are  found  only  in  water  of  consider- 
able depth  (200  fathoms). 

The  genus  Scarus  is  characterized  by 
not  only  the  almost  complete  fusion  of  its 
teeth,  but  by  numerous  other  characters. 

Its  lower  pharyngeals  are  oblong  and  spoon-shaped,  the  teeth 
appearing  as  a  mosaic  on  the  concave  surface.     The  gill-mem- 


Fio.  497  — Jqws  of  Blue 
Parrot-fish,  Scams  oetu- 
Uus  (Bloch). 


■fish.  Sranis  strong'jlori'pkalua. 
u»  tlromjyloa.'pliolus  (.Bleeker). 


branes  are  scarcely  united  to  the  narrow  isthmus,  the  lateral 
line  is  interrupted,  the  dorsal  spines  are  flexible,  and  there 
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are  but  few  scales  on  the  head, 
of  the  body,  are  always  large. 


These,  as  well  as  the  scales 
The  most  h^hly  specialized 


f^G.   SOO. — Seams  emblemaHnu  Jordan  &  Rutter.     Jamaica. 


of  its  Species  have  the  teeth  deep  blue  in  color,  a  character 
which  marks  the  genus  or  subgenus  Pseudoscarus.  Of  the  species 
of  this  type,  the  lore,  Pseudoscarus  calestinus,  and  the  more 
abundant  guacamaia,  Pseudoscarus  guacanutia  (Fig,  100)  of 
the  West  Indies,  are  characteristic  forms.     The  perrico.  Pseudo- 


scams  perrico  of  the  west  coast  of  Mexico,  and  the  great  blue 
parrot-fish,  or  galo,  of  Hawaii  and  Samoa,  Pseudoscarus  jordani, 
belong  to  this  type.  Pseudoscarus  jordani  was  formerly  tabu 
to  the  king  in  Hawaii,  and  its  brilliant  colors  and  toothsome 
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flesh  (when  eaten  raw)  made  it  the  most  highly  valued  fish 
at  the  royal  banquets  of  old  Hawaii.  It  still  sells  readily  at  a 
dollar  or  more  per  pound.  To  this  type  belong  also  the  blue 
parrot-fish,  Pseudoscarus  ovifrotts,  of  Japan.  In  the  restricted 
genus  Scarus  proper  the  teeth  are  pale.  The  great  blue  parrot- 
fish,  of  the  West  Indies,  Scarus  ctsruleus,  belongs  to  this 
group.  This  species,  deep  blue  in  color,  reaches  a  large  size, 
and  the  adult  has  a  large  fleshy  hump  on  the  forehead. 
Lesser  parrot-fish  with  pale  teeth  and  with  showy  coloration 
are  the  West  Indian  species  Scarus  Usniopterus,  Scarus  vetula, 
Scarus  croicensis,  etc. 

Very  many  species  of  both  Scarus  and  Pseudoscarus,  green, 
blue,  red-brown,  or  variegated,  abound  about  the  coral  reefs 
of    Polynesia.     About    twenty-five    species    occur    in    Samoa. 


of  the 


Pseudoscarus  latax  and  P.  uUramarinus  being  large  and 
showy  species,  chiefly  blue.  Pseudoscarus  prasiognathus  is 
deep  red  with  the  jaws  bright  blue. 

Fossil  species  referred  to  Scams  but  belonging  rather  to  Spari- 
soma  are  found  in  the  later  Tertiary.  The  genera  Phyllodus, 
Egertonia,  and  Parapliyllodiis  of  the  Eocene  perhaps  form  a 
transition  from  Labrida:  to  Scarida;.  In  Paraphyllodus  medius 
the  three  median  teeth  of  the  lower  pharyngeals  are  greatly 
widened,  extending  across  the  surface  of  the  bone. 


CHAPTER  XXXVIII 
THE  SQUAMIPINNES 

Sqtuunipinnes. — Very  closely  allied  to  the  P»r^ 
comorphi  is  the  great  group  called  Squamipinnes 
{squama,  scale;  pinna,  fin)  by  Cuvier  and  Ep^asmia 
by  Cope.  With  a  general  agreement  with  the  Percomorphi,  it 
is  distinguished  by  the  more  or  less  complete  soldering  of  the 
post-temporal  with  the  craniiun.  In  the  more  specialized 
forms  we  find  also  a  soldering  of  the  elements  of  the  upper 


FlQ.   604. — MonodfKiylut 


jaw,  and  a  progressive  reduction  in  the  size  of  the  giU-opening. 
The  ventral  fin  retains  its  thoracic  insertion,  and,  as  in  the 
perch  mackerel-like  forms,  it  has  one  spine  and  five  rays,  never 
any  more.     The  ventral  fins  are  occasionally  lost  in  the  adult, 
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as  in  the  StromateidcB,  or  they  may  lose  part  of  their  rays.  The 
name  Squamipinnes  refers  to  the  scaly  fins,  the  typical  species 
having  the  soft  rays  of  dorsal,  anal,  and  caudal,  and  sometimes 
of  other  fins  densely  covered  with  small  scales.  In  various 
aberrant  forms  these  scales  are  absent.  The  name  Epelastnia 
(eniy  above;  eXaa^oz,  plate)  refers  to  the  thin  upper  pharyn- 
geals characteristic  of  certain  forms.  The  transition  from 
this  group  to  the  Sclerodermi  is  very  clear  and  very  gradual. 
The  Squamipinnes,  Sclerodermi,  Ostracodermi,  and  Gymnodontes 
form  a  continuous  degenerating  series.  On  the  other  hand  the 
less  specialized  Squamipimtes  approach  very  closely  to  forms 
already  considered.  The  Antigoniidce  are  of  imcertain  affinities, 
possibly  derived  from  such  forms  as  Histiopteridce,  while  Platax 
show  considerable  resemblance  to  scaly-finned  fishes  like  the 
KyphosidcB  and  StromateidcB,  The  Scorpididce  seem  intermediate 
between  Stromateidce  and  Platacidce.  In  such  offshoots  from 
Scofnbroidei  or  Percoidei  the  group  doubtless  had  its  origin. 

We  may  begin  the  series  with  some  forms  which  are  of 
doubtful  affinity  and  more  or  less  intermediate  between  the 
Squamipinnes  and  the  more  primitive  Percomorphi, 

The  ScorpididsB. — This  family  has  the  general  appearance  of 
Platax  and  I  larches,  but  the  teeth  are  not  brush-like,  and  the 
post-temporal  is  free  from  the  skull  as  in  perch-like  fishes.  The 
species  inhabit  the  Pacific.  Scorpis  georgianus  is  a  food-fish  of 
Australia,  with  the  body  oblong.  Monodactylus  argenteus,  the 
toto  of  Samoa,  is  almost  orbicular  in  form,  while  Psettias  sebce  is 
twice  as  deep  as  long,  the  deepest-bodied  of  all  fishes  in  propor- 
tion to  its  length. 

The  Boarfishes:  Antigoniidse. — The  boarfishes  {Antigoniidce)  are 
characterized  by  a  very  deep  body  covered  with  rough  scales, 
the  post-temporal,  as  in  the  Chcetodontidce  and  the  ZeidcB,  being 
adnate  to  the  skull. 

These  fishes  bear  some  resemblance  to  Zeus,  but  there  is  no 
evidence  of  close  affinity  nor  is  it  clear  that  they  are  related  to 
the  Chcetodontidce.  Capros  aper,  the  boarfish,  is  common  in 
southern  Europe,  reaching  a  length  of  less  than  a  foot,  the 
protractile  mouth  suggesting  that  of  a  pig.  The  diamond- 
fishes,  Antigonia,  are  deeper  than  long  and  strongly  compressed, 
the  body  being  covered  with  roughish   scales.     The  color  is 
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salmon-red  and  the  species  live  just  below  the  depths  ordinarily 
explored  by  fishermen.  Antigonia  capros  is  found  at  Madeira 
and  in  the  West  Indies,  Antigonia  steindachteri  about  Hawaii 
and  in  Japan,  while  the  smaller  Antigonia  rubescens  is  abundant 
in  the  Japanese  bays  at  a  depth  reached  by  the  dredge.  An 
extinct  genus,  Proantigonia  from  the  Miocene  is  said  to  connect 
Antigonia  with  Capros. 

The  Arches :  Toxotidae. — The  archers,  Toxotid(B,  have  the  body 
compressed,  the  snout  produced,  and  the  dorsal  fin  with  but  five 
spines.  The  skeleton  differs  widely  from  that  of  Chcetcdon  and 
the  family  should  perhaps  rather  find  its  place  among  the  per- 
coids.  Toxotes  jaculatrix  is  found  in  the  East  Indies.  The 
name  alludes  to  its  supposed  habit  of  catching  insects  by  shoot- 
ing drops  of  water  at  them  through  its  long  mouth. 

The  Ephippidae. — With  the  typical  Squamipinnes,  the  teeth 
become  very  slender,  crowded  in  brush-like  bands.  The  least 
specialized  family  is  that  of  Ephippidce,  characterized  by  the 
presence  of  four  anal  spines  and  a  recumbent  spine  before  the 
dorsal.  The  principal  genus,  Ephippiis  (Scatophagus),  is  repre- 
sented by  Ephipptis  argus,  a  small,  bass-like  fish,  spotted  with 
black,  found  in  the  Indian  seas,  and  ranging  northward  to  For- 
mosa. Species  referred  to  Ephippiis  (Scatopliagus)  are  recorded 
from  the  Italian  Eocene  of  Monte  Bolca,  where  a  species  of 
Toxotes  has  been  also  foimd. 

The  Spadefishes:  Ilarchidfle. —  In  the  Ilarchidce  the  dorsal  is 
divided  into  two  fins,  the  spinous  part  being  free  from  scales. 
In  various  regards  the  species  are  intermediate  between  ordinary 
perch-like  forms  and  the  ch^etodonts.  In  these  fishes  the  body 
is  very  deep  and,  with  the  soft  fins,  closely  covered  with  roughish 
scales.  In  Ilarches  (Ephipptis),  represented  by  I  larches  orbis 
of  the  Indian  seas,  these  scales  are  relatively  large.  This 
species  is  a  common  food-fish  from  India  to  Formosa. 

In  the  American  genus,  Chcetodiptertis,  the  scales  are  quite 
small.  The  spiadefish  (ChcBtodipterus  faber),  sometimes  called  also 
moonfish  or  angel-fish,  is  a  large,  deei>-bodied  fish,  reaching  a 
length  of  two  feet.  It  is  rather  common  from  Cape  Gxi  to  Cuba, 
and  is  an  excellent  pan  fish,  \^-ith  finely  flavored  white  flesh. 
The  young  are  marked  by  black  cross-bands  which  disappear 
with  age,  and  in  the  adult  the  supraoccipital  crest  is  greatly 
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thickened  and  the  skull  otherwise  modified.  A  very  similar 
species,  Chstodipterus  zonatns,  occurs  on  the  west  coast  of 
Mexico.  Species  allied  to  Chcrtodipterus  are  fossil  in  the  Italian 
Eocene.  The  Drepaitidts  of  the  East  Indies  are  close  to  the 
^tarchidcB.  Drepane  punctata  is  a  large,  deep-bodied  fish  resem- 
bling the  spadefish  but  with  larger  scales. 


Fro.   500.— Spadefish,  Chertodiptenu  faber  (L.).     Virginia. 

The  Platacida. — Closely  related  to  the  Ilarchidce  is  also  the 
East  Indian  family  of  PlataciJte,  remarkable  for  the  ven.'  great 
depth  and  compression  of  the  body,  which  is  much  deeper  than 
long,  and  the  highly  elevated  dorsal  and  anal  still  further  empha- 
size this  peculiarity  of  form.  In  this  group  the  few  dorsal 
spines  are  closely  attached  to  the  soft  rays  and  the  general 
color  is  dusky.  In  the  young  the  body  is  deeper  than  in  the 
adult  and  the  ventral  fins  much  more  produced.  The  best- 
known  species  is  the  tsuzume  or  batfish  {Platax  orbictilaris) , 
which  ranges  from  India  through  the  warm  current  to  northern 
Japan.     Platax    teira,    farther  south,  is   very  similar.     Platax 
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aUissimus,  with  a  very  high  dorsal,  is  fossil  in  the  Eocene  of 
Monte  Bolca. 

The  Butteifly-fiahes:  Cluetodoiitid«. — The  central  family  of 
Squamipinnes  is  that  of  the  butterfly-fishes  or  ChtBtodontida. 
In  this  group  the  teeth  are  distinctly  brush-Hke,  the  mouth 
small,  the  dorsal  fin  continuous  and  closely  scaly,  and  the  ven- 
tral fins  with  one  spine  and  five  rays.  The  species  are  mostly 
of  small  size  and  brilliant  and  varied  coloration,  yellow  and 
black  being  the  leading  colors.  They  vary  considerably  with 
age,  the  young  ha\'ing  the  posterior  free  edges  of  the  bones  of 


Fio.  907. — Butterflv-fidi,  Chalodan  eapittraha  linnzua.     Jamaica. 


the  head  produced,  forming  a  sort  of  collar.  These  forms  have 
received  the  name  of  Tholichlhys,  but  that  supposed  genus 
is  merely  the  young  of  Chtetodon.  The  species  of  Cluelodontida 
abound  in  rock  pools  and  about  coral  reefs  in  clear  water.  They 
are  among  the  most  characteristic  forms  of  these  waters  and 
their  excessive  quickness  of  movement  compensates  for  their 
conspicuous  coloration.  In  these  confined  localities  they  have, 
however,  few  enemies.  The  broad  bodies  and  spinous  fins  make 
them  rather  difficult  for  a  large  fish  to  swallow.     They  feed 
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on  small  crustaceans,  worms,  and  the  like.  The  analogy  to  the 
butterfly  is  a  striking  one,  giving  rise  to  the  English  name, 
butterfly-fish,  the  Spanish  mariposa,  and  the  Japanese  chocho- 
uwo,  all  having  the  same  meaning.  Fossil  cheetodonts  are 
rather  few,  ChtBtodon  pseudorltombus  of  the  Pliocene  of  France, 
Holocanthus  microcephalus  and  PonujcantJms  subarcuatus  of  the 
Eocene,  being  the  only  species  recorded  by  Zittel. 

In  the  principal  genus,  Chcetodon,  the  colors  are  especially 


Fid.   508 — Black   Angel-fiali,  Pomiti-ajtlhtu  urtliolus   (Liniisus).     Damegal, 
New  Juraey. 

bright.  There  is  almost  always  a  black  bar  across  the  eye, 
and  often  black  ocelli  adorn  the  fins.  This  genus  is  wanting 
in  Europe,  ClKstodon  capistratus,  striattts,  and  nimierous  other 
species  are  found  in  the  West  Indies;  ChtBtodon  hurtteralis  and 
nigrirostris  are  common  on  the  coast  of  Mexico.  The  center 
of  their  distribution  is  in  Polynesia  and  the  East  Indian  Archi- 
pelago. ChtBtodon  reticulatiis ,  Hneolalus,  xdietensis,  omatis- 
simtts,  ephippion,  setifer,  and  auriga  are  among  the  most  showy 
species.  Numerous  closely  related  genera  are  described.  In 
some  of  these  the  snout  is  prolonged  into  a  long  tube,  bearing 
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the  jaws  at  its  end.  Of  this  type  are  Chelmo  in  India,  Forcipiger 
in  Polynesia,  and  Prognatkodes  in  the  West  Indies.  Heniochus 
{macrolepidotus)  has  one  dorsal  spine  greatly  elongated.  Micro- 
canthus  strigatus,  one  of  the  most  widely  distributed  species,  is 
known  by  its  small  scales.  Megaprotodon  {trifascialis)  has  four 
anal  spines  instead  of  three  as  in  the  others. 

The  species  of  Holacanthrts,  known  as  angel-fishes,  are  lai^er 
in  size,  and  their  colors  are  still  more  showy,  being  often  scarlet 
or  blue.     In  this  genus  the  preopercle  is  armed  with  a  strong 


Fia    SOB— Ansel-fish 


Spine,  and  there  are  fourteen  or  more  strong  spines  in  the  dorsal. 
This  genus  has  also  its  center  of  distribution  in  the  East  Indies, 
whence  two  species  (septentrionalis  and  ronin)  with  concentric 
stripes  of  blue  range  northward  to  Japan.  Holacanthus  tibicen, 
jet-black  with  one  yellow  cross-band,  is  found  from  the  Riu  Kiu 
Islands  southward.  The  angel-fish  or  isabelita  (Holacanthus 
ciliaris),  orange-red,  sky-blue,  and  golden,  as  though  gaudily 
painted,  is  the  best-known  species.  The  vaqueta  de  dos  colores 
or  rock  beauty  [Holacanthus  bicolor),  half  jet-black,  half  golden, 
is  scarcely  less  remarkable.  Both  are  excellent  food-fishes  of  the 
West  Indies.  Holacanthus  passer  is  a  showy  inhabitant  of  the 
west  coast  of  Mexico.     Holacanthus  diacanthus,  orar^e,  barred 
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with  blue,  is  one  of  the  gaudiest  inhabitants  of  the  coral 
reefs  of  Polynesia.  Holacanthus  flavissimus,  golden  with  some 
deep-blue  markings,  and  Holacanthus  nicobariensis,  blackish  with 
white  circles,  are  found  with  other  species  in  the  same  waters. 

The  genus  Pomacanthus  (Pomacanthodes)  includes  American 
species  only,  still  larger  in  size  and  differing  from  Holacanthus  in 
havii^  nine  to  eleven  spines  only  in  the  dorsal  fin.  The  youi^ 
of  Pomacanthus  are  blackish,  crossed  by  many  curved  yellow 
cross-bands,  which  disappear  entirely  with  age.     Three  species 


Fia.    510. — Bock  Beauty,  Ilolacantkus  tricolor  (L,).     Puerto  Rico. 

are  known,  Pomacanthus  arcitalns.  the  black  angel,  chirivita 
or  portugais,  Pomacantltns  pant,  the  Indian-fish  or  paru  of  the 
West  Indies,  and  Pomacanthus  zoni pectus,  "Mojarra  de  las 
Piedras,"  of  the  west  coast  of  Mexico.  All  are  good  food-fishes, 
but  lacking  the  brilliant  colors  of  Holacanthus  and  the  fine 
pattern  usual  in  ChcEto.ion. 

The  Pygseidie. ^Between  the  Chcctodoiitidcr  and  the  Acanthurtda; 
we  would  place  the  extinct  family  of  Pyti^ca'dcc,  of  the  Eocene.  In 
Pygaiis  gigas  and  other  spocics  tjie  dorsal  spines  are  strong  and 
numerous;  there  arc  5  to  S  species  in  the  anal  fin,  the  scales 
are  shagreen-Hkc,  and  the  tL'uth  seem  coarser  than  in  the  Chtrto- 
dontidis.  The  tail  is  apparc-nlly  unarmed,  and  the  soft  dorsal,  as 
in  Chcctodon,  is  much  shorter  than  the  spinous.    To  this  family 
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the  Eocene  genera,  Aiihrltamphns  (bolcensis),  with  producecl 
snout,  and  Aposlasis  {croaticiis) ,  with  long  spinous  dorsal,  prob- 
ably belong. 

Ttw  Moorish  Idols:  Zonclida.  —  The  family  of  Zancli(U£  in- 
cludes a  single  species,  the  Moorish  idol  or  kihi  Idhi,  Zanclus 
canescens.     In  this  familv  the  scales  are  reduced  to  a  fine  sha- 


Fanuly  Zanelidir.     (Paintinf;  by  Mra.  E.  G.  J 

green,  and  in  the  adult  two  bony  horns  grow  out  over  the  eye. 
The  dorsal  spines  are  prolonged  in  filaments  and  the  color  is 
yellow  crossed  by  bars  of  black,  Za>tclns  canescens  is  a  very 
handsome  fish  with  the  general  appearance  and  habit  of  a 
ChcEtodon,  but  the  form  is  more  exaggerated.  It  is  found 
throughout  Polynesia,  from  Japan  to  the  off-shore  islands  of 
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Mexico,  and  is  generally  common,  though  rarely  entering  rock 
pools. 

Zanclus  eoc^nus  is  recorded  from  the  Italian  Eocene. 

The  Tangs:  Acanthuridae. — In  the  next  family,  Acanthuridce, 
the  sui^eon-fishes  or  tangs,  the  scales  remain  small  and  shagreen- 
like,  the  body  is  more  elongate,  the  gill-openings  still  more 
restricted,  and  the  teeth  are  flattened  and  incisor-like.  The  pubic 
bone  is  more  elongate,  and  in  all  the  species  some  sort  of  arma- 
ture is  developed  on  the  side  of  the  tail.     The  spinous  dorsal 


in  all  is  less  developed  than  the  soft  dorsal.  The  species  abound 
in  the  warm  seas,  especially  about  the  tide  pools,  and  are  used 
as  food.  They  undergo  considerable  changes  with  age,  the 
caudal  armature  being  developed  by  degrees.  Nearly  all  are 
dull  brown  in  color,  but  in  some  a  vivid  ornamentation  is  added. 
Fossil  forms  are  found  from  the  Eocene  and  later.  Most  of 
these  are  referable  to  Teuihis  and  Acantkurus. 

The  principal  genus  is  Teiitliis,  characterized  by  the  presence 
on  each  side  of  the  tail  of  a  sharp,  knife-Uke,  movable  spine 
■with  the  point  turned  forwards  and  dropping  into  a  sheath. 
This  spine  gives  these  fishes  their  name  of  surgeon-fish,  doctor- 
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fish,  lancet-fish,  tang,  barbero,  etc,  and  it  forms  a  wey  ePfectlx^B 
weapon  against  fish  or  man  who  would  scibc  one  of  these 
creatures  by  the  tail.  The  species  have  the  center  of  dlBtributlnn 
in  the  East  Indies  and  have  not  reached  Europe.  Three  species 
are  found  in  the  West  Indies.  The  blue  tang;  {Teutkis  ctBt-iiteus) 
is  chiefly  bright  blue.  The  common  tang.  Teulltis  chirttrgtis,  k 
brown  with  bluish  streaks,  while  a  third  specieB,  Teuthts  balli- 
arais,  has  a  forked  caudal  fin.  Very  clone  to  this  Bpecles  la 
Teuthis  crestonis,  of  the  west  coast  of  Mexico,  and  both  are 
closely  related  to  Teuthis  malotdes,  found  from  India  to  Hawaii. 
Teulhis  triostegus,  of  Japan  and  Polynesia  and  the  East 
Indies,  is  covered  with  cross-bands  alternately  black  and  pale, 


fBS.  an — Bfivgra  Tang,  TeidMit  haAvM»  (RsnzKni).    ^flH^glm,  fU. 

la  Hawaii  this  is  replaced  by  the  very  similar  Teuthis  sand- 
wickeasis.  Many  specws  are  found  aboat  Hawaii  and  the  other 
Polyneaian  lalatwfa.  Teutkis  ackiU«s  has  a  large  blotch  of  bril- 
liant scarlet  on  the  tail,  and  TeidiUs  olmaeevis  a  bright-coioted 
mart  on  the  shoulder.  Teutkis  UnscUits,  yellow  with  Wiae 
gripes,  a  showily  colored  fish  of  the  coral  reefs,  is  often  poison- 
oas^  its  flesh  producing  cigTiatera. 

Zebrasoma  differs  from  Teutkis  in  having  but  4  "^r  5  dorsftt 
spines  instead  of  ro  or  r  r.  In  this  genus  the  soft  dorsal  fin  is  very 
high.     Zebrasama  ftavescens.  sometimes  brown,  sometimes  briglriV 
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yellow,  is  common  in  Polynesia;    Zebrasoma  veliferum,  cross- 
barred  with  black,  is  also  common. 

Ctenochcstus  (strigosus) ,  imlike  the  others,  is  herbivorous  and 
has  its  teeth  loosely  implanted  in  the  gums.  This  species,  black 
with  dull  orange  streaks,  was  once  tabu  to  the  king  of  Hawaii, 
who  ate  it  raw,  and  common  people  who  appropriated  it  were 
put  to  death. 

In  Xesuriis  the  caudal  lancelet  is  replaced  by  three  or  four 
bony  tubercles  which  have  no  sharp  edge.  Xesurus  scalprum 
is  common  in  Japan,  and  there  are  three  species  or  more  on 
the  west  coast  of  Mexico,  Xesurus  punctatus  and  Xesurus 
laiiclavius  being  most  abundant. 

In  Prionurus  (microlepidotus)  of  the  tropical  Pacific  the 
armature  is  still  more  degraded,  about  six  small  plates  being 
developed. 

In  Acanthurus  (Monoceros,  Naseus),  the  unicorn-fish  and  its 
relatives,  the  ventral  fins  are  reduced,  having  but  three  soft  rays, 
the  caudal  spines  are  very  large,  blunt,  immovable,  one  placed 
in  front  of  the  other.  In  most  of  the  species  of  Acanthurus 
along,  bony  horn  grows  forward  from  the  cranium  above  the 
eye.  This  is  wanting  in  the  young  and  has  various  degrees  of 
development  in  the  different  species,  in  some  of  which  it  is 
wholly  wanting.  The  species  of  Acanthurus  reach  a  large  size, 
and  in  some  the  caudal  spines  are  bright  scarlet,  in  others  blue. 
Acanthurus  unicornis,  the  unicorn-fish,  is  the  commonest  species 
and  the  one  with  the  longest  horn.  It  is  abundant  in  Japan, 
in  Hawaii,  and  in  the  East  Indies. 

Axinuriis  thynnoides  of  the  East  Indies  has  a  long,  slim  body, 
with  slender  tail  like  a  mackerel. 

Suborder  Amphacanthi,  the  Siganidae.  —  The  Aniphacanthi 
(a^(pi,  everywhere ;  aKavda,  spine)  are  spiny-rayed  fishes  cer- 
tainly related  to  the  Teiithididcc,  but  differing  from  all  other 
fishes  in  having  the  last  ray  of  the  ventrals  spinous  as  well  as 
the  first,  the  formula  being  I,  4,  I.  The  anal  fin  has  also  six 
or  seven  spines;  and  the  maxillary  is  soldered  to  the  premax- 
illary  The  skeleton  is  essentially  like  that  of  the  Acanthu- 
ridce. 

The  single  family,  Siganidcc,  contains  fishes  of  moderate 
size,   valued  as  food,   and  abounding  about  rocks  in  shallow 
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water  from  the  Red  Sea  to  Tahiti.  The  coloration  is  rather 
plain  olive  or  brown,  sometimes  with  white  spots,  sometimes 
with  bluish  lines.  The  species  are  very  much  alike  and  all 
belong  to  the  single  genus  Siganus.  One  species,  Siganus 
fuscescens,  dusky  with  small,  pale  dots,  is  a  common  food- 
fish  of  Japan.  Others,  as  Siganus  oratnin  and  Siganus  vet- 
miailaius,  occur  in  India,  and  Siganus  punctatns^  known  as  lo, 
abounds  about  the  coral  reefs  of  Samoa.  Sigantis  vulptnus 
differs  from  the  others  in  the  elongate  snout. 

A  fossil  genus,  Archoieuihis  (glaronensis),  is  fotmd  in  the 
Tertiary  of  Glarus.  It  differs  from  Siganus  in  the  deeper  body 
and  in  the  presence  of  six  instead  of  seven  spines  in  the  anal 
fin. 


CHAPTER  XXXIX 
SERIES  PLECTOGNATHI 

iIhE  Plectognaths. — Derived  directly  from  the  Acanthu- 
ridcBy  from  which  they  differ  by  progressive  steps  of 
degeneration,  are  the  three  suborders  of  Sclerodermic 
Ostracodermi,  and  Gymnodontes,  forming  together  the  series  or 
suborder  of  Plectognathi,  As  the  members  of  this  group  differ 
from  one  another  more  widely  than  the  highest  or  most 
generalized  forms  differ  from  the  Acanthuridce,  we  do  not  regard 
it  as  a  distinct  order.  The  forms  included  in  it  differ  from 
the  Acanthuridce  much  as  the  swordfishes  differ  from  ordinary 
mackerel.  The  Plectognathi  (nXeKTos,  woven  together;  yvaOos, 
jaw)  agree  in  the  tmion  of  the  maxillary  and  premaxillary, 
in  the  tmion  of  the  post-temporal  with  the  skull,  in  the  great 
reduction  of  the  gill-opening,  and  in  the  elongation  of  the  pel- 
vic bones.  All  these  characters  in  less  degree  are  shown  in 
the  Squamipinnes.  We  have  also  the  reduction  and  final  entire 
loss  of  ventral  fins,  the  reduction  and  loss  of  the  spinous  dor- 
sal, the  compression  and  final  partial  or  total  fusion  of  the 
teeth  of  the  upper  jaw,  the  specialization  of  the  scales,  which 
change  from  bony  scutes  into  a  solid  coat  of  mail  on  the  one 
hand,  and  on  the  other  arc  reduced  to  tlic)ms  or  prickles  and 
are  finally  altogether  lost.  The  number  of  vcrtel)rcC  is  also 
progressively  reduced  until  in  the  extreme  fonns  the  caudal 
fin  seems  attached  to  the  head,  the  body  being  apparently 
wanting.  Throughout  the  group  poisonous  alkaloids  are 
developed  in  the  flesh.  These  may  produce  the  violent  disease 
knowTi  as  ciguatera,  directly  attacking  the  nerv'ous  system. 
The  three  suborders  of  plectognathous  are  easily  recognized 
by  external  characters.  In  the  Sdcrodcrmi  (aKXepos,  hard; 
dipfjia,   skin)   the  spinous    dorsal    is    present  and   the  body  is 
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more  or  less  distinctly  scaly.  The  teeth  are  separate  and 
incisor-like  and  the  form  is  compressed.  In  the  Oslracodermi 
i6<npaKos,  a  box ;  Sipfia,  skin)  there  is  no  spinous  dorsal,  the  teeth 
are  slender,  and  the  body  is  inclosed  in  an  immovable,  bony 
box.  In  the  Gymnodontes  (yv/tvoi,  naked;  orfoys,  tooth)  the 
teeth  are  fused  into  a  beak  like  that  of  a  turtle,  either  con- 
tinuous or  divided  by  a  median  suture  in  each  jaw,  the  spinous 
dorsal  is  lost,  and  the  body  is  covered  with  thorns  or  prickles 
or  else  is  naked. 

The  Sderodenns. — The  Sclerodemti  include  three  recent  and 
one  extinct  families.  Of  the  recent  forms,  Triacanikida  is 
the  most  primitive,  having  the  ventral  fins  each  represented 
by  a  stout  spine  and  the  skin  covered  with  small,  rough  scales. 
The  dorsal  has  from  four  to  six  stiff  spines. 

Triacantkodes  anotnalits  is  foimd  in  Japan,  Hollardia  hoi- 
lardi  in  Cuba.  Triacanthiis  brevirostris,  with  the  first  spine  very 
large,  is  the  common  homfish  of  the  East  Indies  ranging  north- 
ward to  Japan. 

The  Trigger-fishes:  Balistide. — ^The  Balistid<£,  or  trigger-fishes, 
have  the  body  covered  with  large  roi^h  scales  regularly  arranged. 


Flo.    514— The  Trigger-Gsh,  Balulea  carotinerttia  Gmelin. 


The  first  dorsal  fin  is  composed  of  a  short  stout  rough  spine, 
with  a  smaller  one  behind  it  and  usually  a  third  so  placed  that 
by  touching  it  the  first  spine  may  be  set  or  released.     This 
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pectiliarity  gives  the  name  of  trigger-fish  as  well  as  the  older 
name  of  Balistes,  or  cross-bow  shooter.  There  are  no  ventral 
fins,  the  long  pelvis  ending  in  a  single  blimt  spine.  The  numer- 
ous species  of  trigger-fishes  are  large  coarse  fishes  of  the  trop- 
ical seas  occasionally  ranging  northward.  The  center  of  dis- 
tribution is  in  the  East  Indies,  where  many  of  the  species  are 
most  fantastically  marked.  Balistes  carolinensis,  the  leather- 
jacket,  or  cucuyo,  is  found  in  the  Mediterranean  as  also  on  the 
American  coast.  Balistes  vetula,  the  oldwife,  oldwench,  or 
cochino,  marked  with  blue,  is  common  in  the  West  Indies, 
as  are  several  other  species,  as  Canthidermis  sufflamen,  the 
sobaco,  and  the  jet-black  Melichthys  piceus,  the  black  oldwife, 
or  galafata.  Several  species  occur  on  the  Pacific  Coast  of 
Mexico,  the  Fez  Puerco,  Balistes  verres,  being  commonest. 
Still  others  are  abundant  about  the  Hawaiian  Islands  and 
Japan.  The  genus  Balistapus,  having  spinous  plates  on  the 
tail,  contains  the  largest  number  of  species,  these  being  at  the 
same  time  the  smallest  in  size  and  the  most  oddly  colored. 
Balistapus  aculeatus  and  Balistapus  undidatus  are  common 
through  Polynesia  to  Japan.  Most  of  the  tropical  species 
of  BalistidcB  are  more  or  less  poisonous,  causing  ciguatera,  the 
offensive  alkaloids  becoming  weaker  in  the  northern  species. 
Melichthys  radula  aboimds  in  Polynesia.  In  this  species  great 
changes  take  place  at  death,  the  colors  changing  from  blue  and 
mottled  golden  green  to  jet  black.  Other  abundant  Polynesian 
species  are  Xanthichthys  lineopiinctatns,  Balistes  viduay  Balistes 
bursa,  and  Balistes  flavomarginatiis. 

The  File-fishes:  Monacanthidae. — Closely  related  to  the  Balis- 
tidcc  are  the  Monacanthidcc,  known  as  filefishes,  or  foolfishes.  In 
these  the  body  is  very  lean  and  meager,  the  scales  being 
reduced  to  shagreen-like  prickles.  The  ventral  fins  are 
replaced  by  a  single  movable  or  immovable  spine,  which  is 
often  absent,  and  the  first  dorsal  fin  is  reduced  to  a  single  spine 
with  sometimes  a  rudiment  behind  it.  The  species  are  in 
general  smaller  than  the  Bali st idee  and  usually  but  not  always 
dull  in  color.  They  have  no  economic  value  and  are  rarely 
used  as  food,  the  dry  flesh  being  bitter  anci.joffensive.  The 
species  are  ntunerous  in  tropical  and  temperate  seas,  although 
none  is  found   in    Europe.      On  our  Atlantic  coast,  StepJiano^ 
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3epis  idsfidais  and    C-cralacssaHaLS  siAurf^  Kre  r— r-i-t.-r-   cpm  mi. 
In  1^  West  ladies  are  immertms   ot^ios.  C>sf»:«u  icau  and 
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Bath 


Almrra  gixthrriz-vj.  largest  in  sze,  ajnopg  the  cci=CTaaeSL, 
rf  lijese  are  large  fishes  wrib-nat  ventra]  spme.    M:^ 
Aaumsis,  "wrth  a  great,  drxrping  dewlap  cC  dds  beiaad  tie 


Fw.   tilC  — Tbe  Swdk^lMainiie  Fiit^fisL.  ^ 


ventral  spine,  is  found  on  the  coast  of  China.     Of  the  n-jmeriTos 
Tapaoese  species,  tbe  most  abundant  and  largest  is  P,tr»j.-w.'i!- 
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r  meirtha,  wi&  deep-fahie  fins  and  fln:  'votlnl  i 
i»  Slefkamoltfis  dnk^a;  1 

ffff  uiiiooni  fidif  al?<Mifn1  in  ilw^  Tnit  TiKtifti.  witti  i 

otiien  of  leM  nze  and  note.    In  tiie  male  of  fln:  nj^rnenm 

itMNMaer  uopas  (Rg.  516)  Ae  tail  is  anned  witti  a  bnA  of 


bi  S^pkaiuigpis  spQoumms  tiie  caudal  fin  is  of  a  ^-^^^—t 
MOflet  color,  oontrastii^  wiUi  Hie  iKoal  dtdl  colon' of  tiiae 
fidm.  in  OxymoHocaitiims  iangrrostris  the  hoAf  is  Uiie  wifli 
Ofange  <JiedGer-4ike  ^xits  and  Uie  snout  is  prodnced  in  a  long 
tube.  About  the  klaads  of  Po^noeaa,  fikfisbes  are  rdatrnly 
lew,  but  aome  of  tbem  are  very  cnnoos  in  form  or  color. 

tha  8^inacantfaid«.— In  tiie  extinct  family  SfimacamAidm 
tbt  body  is  cJoi^ate,  U^  in  front  and  taperii^  bdund.    The 


Via.   617  — Common  File  fiah,  Stephanolepis  hitpidua  (LinniBUs).     Virginia. 

first  dcrsal  has  six  or  seven  spines,  and  there  are  roi^h  spines 
in  the  pectoral.  The  teeth  are  bluntly  conical.  Spinacanihus 
blennioides  and  5.  imperalis  are  found  in  the  Eocene  of  Monte 
Bolca.  These  are  probably  the  nearest  to  the  original  ances- 
tor among  known  sclerodemis. 

The  TninkfisheB:    Ostraciidw. — The    group  Ostracodermi  con- 
tains the  single  family  of  OslTaciidcB,  the  trunkfishes  or  cuck- 
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olds.     In  ibis  group,  the  body  is  enveloped  in  a  bony  box, 
made  of  six-sided  scutes  connected  by  sutures,  leaving  only 


the  jaws,  fins  and  tail  free.     The  spinous  dorsal  fin  is  wholly 
wanting.     There  are  no  ventral  fins,  and  the  outer  fins  are 


us).    East  Indies. 

short  and  small.  The  tnmkfishes  live  in  shallow  water  in 
the  tropical  seas.  They  are  slow  of  motion,  though  often 
brightly  colored. 


us}.      Cozumet  Island, 


Against  most  of  their  enemies  they  are  protected   by  the 
bony  case.     The   species  range  from  four  inches  to  a  foot   in 
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lei^h,  so  far  as  known.  They  are  not  poisonous,  and  are 
often  baked  in  the  shell.  Three  genera  are  recognized:  Lac- 
topkrys  with  the  carapace,  three-angled;  O^- 
tracion  with  four  aisles,  and  Aracana,  resem- 
blii^  Ostracion,  but  with  the  carapace  not 
closed  behind  the  anal  fin.  In  each  of  these 
genera  there  is  considerable  minor  variation 
due  to  the  presence  or  absence  of  spines  on 
the  bony  shell.  In  some  species,  called  cuck- 
olds, or  cowfishes,  long  horns  are  developed  j 
over  the  eye.  Others  have  spines  on  some 
other  part  of  the  shield  and  some  have  no  Fia.  Ml— Spoiled 
spines  at  all.  No  species  are  fotind  in  ^fe'wi  Lodoiirv* 
Europe,  and  none  on  the  Pacific  coast  of  bieaudaliaiUa- 
America.  The  three-ai^led  species,  called 
Lactophrys,  are  native  chiefly  to_  the  West  Indies,  sometimes 
carried  by  currents  to  Guinea,  and  one  is  described  from 
Australia.     Lactophrys  tricornis  of  the  West  Indies  has  loi^ 


— S]     el        Tr     kfi  1     L      i/phn/x  triqi 


horns  over  the  eye;  Lactophrys  tn'-^onits  has  spines  on  the  iower 
parts  only.  Lactophrys  triqiictcr  is  without  spines,  and  the 
fourth  American  species,  Lactophrys  bicaiidalis,  is  marked  by 
large  black  spots.  The  species  of  Ostracion  radiate  from  the 
East  Indies.  One  of  them,  Ostracion  gibhosimi,  has  a  turret- 
like  spine  on  the  middle  of  the  back,  causing  the  carapace  to 
appear  five-angled;  Ostracion  diaphantim  has  short  horns  over 
the  eye,    and  Ostracion   cormitum   very   long  ones;    Ostracion 
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immaculatus,  the  common  species  of  Japan,  is  without  spines; 
OstracioH  seixe  of  Hawaii  and  Samoa  is  deep,  rich  blue  with 
spots  of  golden.  Aracana  is  also  of  East  Indian  origin;  Ara- 
cana  acuieata,  with  ninnerous  species,   is  common  in  Japan. 


Fk.  533 — HmnkaB  TrunUisb  Ladopkiyg  Instmui    L-i^imeas)      Tortngu,  Fla. 

A  fossil  species  of  OstraLion  {O.  micrunim)  is  known  from  the 
Eocene  of  Xlonte  Bolca. 

The  Gynmodontes.  —  The  jToup  of  Gytnnodontes,  ha\-ing  the 
teeth  united  in  a  turtle-like  beak,  earn-  still  further  the  d^en- 


Fhj.  SSt. — SkdetOD  erf  the  Cowfob.  LaOophryt  IrievmU  fLiniMu*). 


eration  of  scales  and  fins.  There  is  no  trace  cf  spinous  dorsal, 
or  ventral.  The  scales  are  reduced  to  thorns  or  prickles,  or 
are  lost  altogether.  .\I1  the  species  have  the  habit  of  inflating 
themselves  with  air  when  disturbed,  thus  floating,  belly  up- 
ward, on  the  surface  o:  the  water.  Very  few,  and  these  only 
northern  species,  are  used  as  food,  the  flesh  of  the  tropical 
forms  being  general'y  p^-iaonous,  and  that  often  in  a  higher 
degree  than  any  other  fishes  whatever. 

The  Triodontidfle.  —  The  rr.csz  generalized    tarrily  is  that  of 
the  TriodotUida.    These  fishes  approach  the  B.sliitiis  in  se-.-eraJ 
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regards,  having  the  body  compressed  and  covered  with  roi^h 
scales  The  teeth  form  a  single  plate  in  the  lower  jaw,  but 
are  divided  on  the  median  line  above.  The  compressed,  fan- 
like, ventral  flap  is  greatly  distensible.  Triodon  bursarius, 
of  the  East  Indies  and  northward  to  Japan,  is  the  sole  species  of 
the  family. 

The  Globefishes:  Tetraodootid*. — In  the  Tetraodontida  (globe- 
fishes,  or  puffers),  each  jaw  is  divided  by  a  median  suture. 
The  dorsal  and  anal  are  short,  and  the  ventrals  are  reduced 


Fia.  CSS  ^-Silvery   Puffer,   Lagoeephalia   larigalua   (Linnsus).     ViTKiDia. 


in  number,  usually  fifteen  to  twenty  {7  +  13  to  7  +  9).  The 
walls  of  the  belly  are  capable  of  extraordinary  distension,  so 
that  when  inflated,  the  fish  appears  like  a  globe  with  a  beak 
and  a  short  tail  attached.  The  principal  genus  Spheroides 
contains  a  great  variety  of  forms,  forming  a  closely  inteigrad- 
ing  series.  In  some  of  these  the  body  is  smooth,  in  others  more 
or  less  covered  with  prickles,  usually  three-rooted.  In  some 
the  form  is  elongate,  the  color  silvery,  and  the  side  of  the  belly 
with  a  conspicuous  fold  of  skin.  In  these  species,  the  caudal 
is  lunate  and  the  other  fins  falcate,  and  with  numerous  rays. 
But  these  forms  (called  Ljgoccplhiliis)  pass  by  degrees  into 
the  short-bodied  forms  with  small  rounded  fins,  and  no  clear 
line  has  yet  been  drawn  of  the  genera  of  this  group.  In  these 
species  each  nostril  has  a  double  opening.  Lagoccphahts  lago- 
cephalns,  large  and  silvery,  is  found  in  Europe.  Lagocephahis 
Itrvigattis  replaces  it  on  the  Atlantic  Coast  of  North  America. 
In  Japan  are  numerous  forms  of  this  type,  the  venomous 
Lagocephaius  sceleratus  being  one  of  the  best  kno\vn.  Numerous 
other  Japanese  species,  Spheroides  xaiithopterus,  rubripes, 
pardalis,     ocellatns,     vcrmictilatns.     chrysops,     etc,     mark     the 
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1  to  typical  Spkeroides.     Spkeroides  macwJatus  is  com- 
moa  oo  our  Atlantic  coast,    the  paSer.  or  swell-toad  <rf   the 


coastwise  bovs  who  lease  it  to  cause  it  to  swell.  SpkerouUs 
spn^rrj  and  5.  testudine^u  abound  in  the  West  Ttvttp* 
Spkeroides  poUixs  on  the  west  coast  of  Mexico. 


F16.  az  —PvSrr.  S^KT^iiet  ■ 

In  Tftraaicv  tht  n^a^  tentacle  is  withaiil  dstinct  rppaang, 
its  tip  bemg  mer^  spocgy.  Tbe  species  ci  Has  gemts  are 
erea  mrjn  Tirflaia'-.V  and  are  ccien  smkin^y  cc-i-^red,  the  Toong 
BomeiCTes  hari:^  the  belh"  masied  by  caocenric  stiripes  d 
Uack  w*ach  disappear  with  age.  Tei^scticm  kisfissu  abrxmds 
in  esostnes  aoc  ^^kHr/w  i&ys  free;  Hawarf  !;•  Inis.  la 
HawaiL  il  u  re^ariec  &«  trc  mcsi  pcnS':xiT':a  rt  all  ^g^^«°* 
iiBiiki-ozola.'  aztd  it   is  snaz   thai   its  gsJI  was  itks  -i^ed  la 
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poison  arrows.  Tetraodon  fahaka  is  a  related  species,  the 
first  known  of  the  family.  It  is  foimd  in  the  Nile.  Tetraodon 
lacrymatus,  black  with  white  spots,  is  common  in  Polynezia. 
Tetraodon  a^ostaticus,  with  black  spots,  is  frequently  taken  in 
Japan,  and  Tetraodon  setosus  is  frequent  on  the  west  coast 
of  Mexico.  This  species  is  subject  to  peculiar  changes  of  color. 
Normally  dark  brown,  with  paler  spots,  it  is  sometimes  deep 
blue,  sometimes  lemon-yellow  and  sometimes  of  mixed  shades. 


Fio.   528.— refraodon  meleagrii   (Lacfp&de).     Riu   Kiu   Islands. 

Specimens  showing  these  traits  were  obtained  about  Clarion 
Island  of  the  Revillagigedos.  No  Tetraodon  occurs  in  the  West 
Indies.  Colomcsus  psittacus,  a  river  fish  of  the  northern  part 
of  South  .America,  resembles  Sphcroidcs,  but  shows  consider- 
able difference  in  the  skull. 

But  few  fossil  Tclramloiilidic  have  been  recnirnized.  These 
are  referred  to  Tetraodon.  The  earliest  is  Tdraodon  pygmaus 
from  llonte  Bolca. 

The  Choncrhinidcc  of  tlie  East  Indies  are  globefishes  hav- 
ing the  dorsal  and  anal  fins  very  long,  the  vertebrrc  more 
numerous  (12  +  17),  twenty-nine  in  number.  Choncrhinns 
naritns  inhabits  the  rivers  of  Sumatra  and  Java. 

The  little  family  of  Tropidichthyidcc  is  composed  of  small 
globefishes,  with  a  sharply-keeled  back,  and  the  nostrils  almost, 
or  quite,  wanting.  The  teeth  are  as  in  the  TctraodontidtE. 
The  skeleton  differs  considerably  from  that  of  Spheroides, 
apparently  justifying  their  separation  as  a  family.     The  species 
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are  all  very  small,  three  to  six  inches  in  length,  and  prettily 
colored.  In  the  West  Indies  Tropidtchtkys  rostratus  is  found. 
Tropidichtkys  solandri  abounds  in  the  South  Seas,  dull  orange 
with  blue  spots.  Tropidichtkys  rivulatus  is  common  in  Japan 
and  several  other  species  are  found  in  Hawaii. 


Fio.  539  — Btklly  Globefisli,  Tetraodon  wlomt  Ros&  Smilh.    Clarion  Island,  Mex. 

Other  species  occur  on  the  west  coast  of  Mexico,  in  Poly- 
nesia, and  in  the  East  Indies. 

The  Porcupine-fishes :  Diodonttdse.  —  In  the  remaining  fami- 
lies of  Gymnodontes,  there  is  no  suture  in  either  jaw,  the  teeth 


Fia.  680. — Porcupine-fisli,  Diodon  hystrix  (Lii 


Tnrlugas  Islands. 


forming  an  undivided  beak.  The  Diodontidtr,  or  porcupine-fishes, 
have  the  body  spherical  or  squarish,  and  armed  with  sharp 
thorns,  the  bases  of  which  are  so  broad  as  to  form  a  continuous 
coat  of  mail.  In  some  of  them,  part  of  the  spines  are  movable, 
these  being  usually  two-rooted;    in  others,  all  are  immovable 
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and  three-rctoted.  All  are  reputed  poisonous,  especially  in  the 
equatorial  seas. 

In  Diodon  the  spines  are  very  long,  the  anterior  ones,  at 
least,  movable.  The  common  porcupine-fish,  Diodon  hystrix,  is 
found  in  all  seas,  and  often  in  abundance.  It  is  a  slu^ish  fish, 
olive  and  spotted  with  black.  It  reaches  a  length  of  two  feet 
or  more,  and  by  its  long  spines  it  is  thoroi^hly  protected  from 
all  enemies.  A  second  species,  equally  common,  is  the  lesser 
porcupine-fish,  Diodon  holacanthiis.  In  this  species,  the  frontal 
spines  are  longer  than  those  behind  the  pectoral,  instead  of  the 
reverse,  as  in  Diodon  hystrix.  Many  species  of  Diodon  are 
recorded  from  the  Eocene,  besides  numerous  species  from  later 
deposits.  One  of  these,  as  Heptadiodon  heptadiodon  frcan  the 
Eocene  of  Italy,  with  the  teeth  subdivided,  possibly  represents 
a  distinct  family.  Diodon  erinaceus  is  found  in  the  Eocene  of 
Monte  Bolca  and  Progymnodon  hilgendorfi  in  the  Eocene  of 
Egypt. 

In  the  rabbit-fishes  (Chilomycterus)  the  body  is  box-shaped, 


— Rabbit  fi*"h   Chtlomycterus  sckapfi  (AValbaum). 

covered  with  triangular  spines,  much  shorter  and  broader  at 
base  than  those  of  Diodoti.     Xumerous  species  are  known. 

Chilomycterus  sclurpfi  is  the  common  rabbit-fish,  or  swell- 
toad  of  our  Atlantic  coast,  light  green,  prettily  varied  with  black 
lines.  The  larger  Ckilomycicrns  afflin's,  with  the  pectoral  fin 
spotted  -with  black,  is  widely  diffused  through  the  Pacific.  It 
is  rather  common  in  Japan,  where  it  is  the  torabuku,  or  tiger 
puffer.  It  is  found  also  in  Hawaii,  and  it  is  once  recorded  by 
Dr.  Eigenmann  from  San  Pedro,  California,  and  once  by  Snod- 
grass  and  Heller,  from  the  Galapagos. 
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The  Heftd-fishes:  Molida. — The  head-fishes,  or  Molidte,  also 
called  sunfishes,  have  the  body  abbreviated  behind  so  that  the 
dorsal,  anal,  and  caudal  seem  to  be  attached  to  the  posterior 
outline  of  the  head.  This  feature,  constituting  the  so-called 
gephyrocercal  tail  is  a  trait  of  specialized  degradation. 

Mola  mola,  the  common  head-fish  or  sunfish,  is  found  occa- 
sionally in  all  tropical  and  temperate  seas.     Its  form  is  almost 


Fia.  583  — Headfiah  (adult),  M(^  mola  (Linnsnis).    Vugioia. 


circular,  having  been  compared  by  Linnaaus  to  a  mill-wheel 
■  (mola),  and  its  surface  is  covered  with  a  rough,  leathery  skin. 
It  swims  very  lazily  at  the  surface  of  the  water,  its  high  domni 
often  rising  above  the  surface.     It  is  rarely  used  as  * 
not  known  to  be  poisonous.     The  largest  exampli 
writer  was  taken  at  Redondo  Beach,  California,  I 
Shooter,  of  Los  Angeles.     This  specimen  was  8  £ 
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length,  and  wei^ied  1200  pounds.  Another,  abnoet  as  large, 
was  talMn  at  San  Di^^,  in  April,  1904.  No  differenoe  has  been 
noticed  among  specimens  from  California,  Cape  Cod,  Japan, 
and  the  Mediterranean.  The  young,  however,  differ  con- 
siderably fnm  the  adult,  as  might  be  expected  in  a  fish  erf  sudi 
great  siie  and  extraordinary  fonn. 

Fragments  named  Chdonopsis,  and  doubtfully 
referred  to  Mola.  are  found  in  the  Pliocene  of 
Belgium.  Certain  jaws  of  cretaceous  age,  attrib- 
uted to  Mola.  probably  belong,  according  to 
Woodward,  to  a  turtle. 


c  KiflB  of  I 
from  Hod 

In  the  genus  Ranzani'a,  the  body  is  more 
elongate,  twice  as  long  as  deep,  but  as  in  Mola, 
the  body  appears  as  if  bitten  off  and  then  pro- 
vided with  a  fringe  of  tail.  The  s[>ecics  are 
rarely  taken,  Raiizaiiia  tmiicata  is  found  in  the  Mediterranean 
and  once  at  Madeira.  Kaiizaitia  makita,  known  as  the  king  of 
the  mackerels  about  Hawaii,  is  beautifully  colored  brown  and 
silvery.     This  species  has  been  taken  once  in  Japan. 

In  Hawaii  it  is  belie\'ed  that  all  the  Scombroid  fishes  are  sub- 
ject to  the  rule  of  the  makua  and  that  they  will  disappear  it 
this  fish  be  killed.  By  a  similar  superstition.  Regalecus  glesiie 
is  "king  of  the  herrings"  in  Norway  and  about  Cape  Flattery, 
Trachypierus  rex  salmonorum  is  "king  of  the  salmon." 


CHAPTER  XL 
PAREIOPLITiE,    OR   MAILED-CHEEK   FISHES 

■ 

[HE  Mailed-cheek  Fishes.  —  The  vast  group  of  Parei- 
oplitcu  (Loricati)  or  mailed-cheek  fishes  is  charac- 
terized by  the  presence  of  a  **bony  stay"  or  back- 
ward-directed process  from  the  third  suborbital.  This 
extends  backward  across  the  cheek  toward  the  preopercle.  In 
the  most  generalized  forms  this  bony  stay  is  small  and  hidden 
tmder  the  skin.  In  more  specialized  forms  it  grows  larger, 
articulates  with  the  preopercle,  and  becomes  rough  or  spinous 
at  its  siuiace.  Finally,  it  joins  the  other  bones  to  form  a  coat 
of  mail  which  covers  the  whole  head.  In  degenerate  forms  it 
is  again  reduced  in  size,  finally  becoming  insignificant. 

The  more  primitive  PareiopUtcB  {napeia,  cheek;  6n\irrf<s, 
armed)  closely  resemble  the  Percomorphi,  having  the  same 
fins,  the  same  type  of  shoulder-girdle,  and  the  same  insertion 
of  the  ventral  fins.  In  the  more  specialized  forms  the  ventral 
fins  remain  thoracic,  but  almost  all  other  parts  of  the  anatomy 
are  greatly  distorted.  In  all  cases,  so  far  as  known  to  the 
writer,  the  hypercoracoid  is  perforate  as  in  the  Percomorphi, 
There  are  numerous  points  of  resemblance  between  the  Cir- 
rhitidas  and  the  Scorpcunidce,  and  it  is  probable  that  the  Scor- 
pcenidcs  with  all  the  other  PareioplitcB  sprang  from  some  per- 
ciform  stock  allied  to  Cirrhitidce  and  LatrididcB. 

Fossil  mailed-cheek  fishes  are  extremely  few  and  throw  little 
light  on  the  origin  of  the  group.     Those  belong  chiefly  to  the 
CoUidcB,     Lepidocottus,  recorded  from   the  Miocene  and  OligC 
cene,  seems  to  be  the  earliest  genus. 

The    Scorpion-fishes :   Scorpasnidas.  —  The  vast  family  of  Set 
pcenidcB,  or  scorpion-fishes,  comprises  such  a  variety  of  form 
as  almost  to  defy  diagnosis.    The  more  primitive  types  ' 
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percoid  in  almost  all  respects,  save  in  the  presence  of  the  sub- 
ocular  stay.  Their  scales  are  ctenoid  and  well  developed. 
The  dorsal  spines  are  numerous  and  strong.  The  ventral  fins 
are  complete  and  normally  attached ;  the  anal  has  three  strong 
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spines.  The  craniimi  shows  only  a  trace  of  spiny  ridges,  and 
the  five  spines  on  the  preoperculum  are  not  very  different  from 
those  seen  in  some  species  of  bass.  The  gill-arches  are,  however, 
different,  there  being  but  3^  gills  and  no   slit  behind  the  last. 


Fid.  535.— Skull  of  Srorp. 


oraliis  OirardpSliiiwiiiff  the  suborbital  atay(a). 


Otherwise  the  mouth  and  ph;ir;inx  show  no  unusual  characters. 
In  the  extremes  of  the  group,  however,  great  changes  take 
place,  the  head  becomes  greatly  distorted  with  ridges  and 
grooves,  the  anal  spines  are  lost,  and  the  dorsal  spines  variously 
modified.     The  scales  may  be  lost  or  replaced  by  warts  or 


Series  Plectognathi  6%() 

■  prickles  and  the  ventral  fins  may  be  greatly  reduced.  Still 
the  changes  are  very  gradual,  and  it  is  not  easy  to  divide  the 
group  into  smaller  families. 

The  most  primitive  existing  genus  is  doubtless  Sebastes. 
The  familiar  rosefish,  Sebastes  nmrunis,  is  found  on  both  shores 
of  the  north  Atlantic.  It  is  bright  red  in  color  and  is  valued 
as  food.  As  befits  a  northern  fish,  it  has  an  increased  number 
of  vcrtebrjE  (31)  and  the  dorsal  spines  number  15,  From  its 
large  haddock-like  eye  it  has  been  called  the  Norway  haddock. 
It  is  an  important  food-fish  in  New  England  as  well  as  in  north- 
em  Europe. 

In  the  north  Pacific  Sebaslcs  gives  place  to  Sebastolobus, 
with  three  species  (tnacrochir,  alHvelis,  and  aiascanus) ,  a\\  bright- 
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red  fishes  of  soft  substance  and  living  in  rather  deep  water. 
Sebastolobus  is  characterized  by  its  two-lobed  pectoral  fin,  the 
lower  rays  being  enlarged. 

The  genus  Sebastodes,  with  its  rougher-headed  ally  Sebas- 
tichtkys,  with  13  dorsal  spines  and  the  vertebne  27,  ranges  far- 
ther south  than  Sebastes  and  forms  one  of  the  most  character- 
istic features  of  the  fauna  of  California  and  Japan,  50  species 
occurring  about  California  and  25  being  already  known  from 
Japan.  One  species  (Sebastichthys  capensis)  is  recorded  from 
the  Cape  of  Good  Hope,  and  two,  Sebastichthys  oculatus  and 
S.  darwini,  from  the  coast  of  Chile. 
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Within  the  limits  of  Sebastodes  and  Sebasiichthys  is  a  very  large 
range  of  form  and  color,  far  more  than  should  exist  within  the 
range  of  a  natural  genus.  On  the  other  hand,  all  attempts  at 
generic  subdivision  have  failed  because  the  species  form  a  ntunber 
of  almost  perfectly  continuous  series.  At  one  extreme  are  species 
with  large  mouths,  small  scales,  relatively  smooth  cranitun, 
and  long  gill-rakers.  At  the  other  extreme  are  robust  species, 
with  the  head  very  rough,  the  mouth  moderate,  the  scales 
larger,  and  the  gill-rakers  short  and  thick.  Still  other  species 
have  slender  cranial  spines  and  spots  of  bright  pink  in  certain 
specialized  localities.  These  approach  the  genus  Helicolenus 
as  other  species  approach  Scorpcena. 

The  various  species  are  known  in  California  as  rockfish,  or 
rock-cod,  in  Japan  as  Soi  and  Mebaru.  In  both  regions  they 
form  a  large  part  of  the  bulk  of  food-fishes,  the  flesh  being 
rather  coarse  and  of  moderate  flavor.  All  the  species  so  far 
as  known  are  ovoviviparous,  the  young  being  brought  forth 
in  stimmer  in  very  great  nimiber,  bom  at  the  length  of  about 
i  of  an  inch.  The  species  living  close  to  shore  are  brown,  black, 
or  green.  Those  living  in  deeper  waters  are  bright  red,  and 
in  still  deeper  waters  often  creamy  or  gray,  with  the  lining  of 
the  mouth  and  the  peritoneimi  black.  The  largest  species 
reach  a  length  of  two  or  three  feet,  the  smallest  eight  or  ten 
inches.  None  is  found  between  Lower  California  and  Peru 
and  none  south  of  Nagasaki  in  Japan.  Of  the  California  species 
the  following  are  of  most  note:  Sebastodes  paiicispinis,  the 
Bocaccio  of  the  fishermen,  from  its  large  mouth,  is  an  elongate 
fish,  dull  red  in  color,  and  reaching  a  very  large  size.  In  deeper 
waters  are  Sebastodes  jordani  and  Sebastodes  goodei,  the  former 
elongate  and  red,  the  latter  more  robust  and  of  a  very  bright 
crimson  color.  Sebastodes  oi'alis,  the  viuva,  and  Sebastodes 
entonielas  are  grayish  in  hue,  and  the  related  Sebastodes 
proriger  is  red.  The  green  rockfish  Sebastodes  flavidus  is 
common  along  the  shore,  as  also  the  black  rockfish,  known 
as  peche  pretre  or  priestfish,  Sebastodes  mystinus.  Less  com- 
mon is  Sebastodes  nielanops.  Similar  to  this  but  more  orange 
in  color  is  the  large  Sebastodes  miniattis.  Somewhat  rougher- 
headed  Is  the  small  grass  rockfish,  Sebastodes  atrovirens.  On 
the   large   red   rockfish,    Sebastichthys   ruberrimus,    the   spinous 
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ridges  are  all  large  and  rough  serrate.  On  the  equally  lai^e 
Sebastichtkys  levis  these  ridges  are  smooth.  Both  these  species 
are  bright  red  in  color.  Sebastichtkys  ntbrovinctus,  called  the 
Spanish-flag,  is  covered  with  broad  alternating  bands  of  deep 
crimson  and  creamy  pink.  It  is  the  most  handsomely  colored 
of  our  marine  fishes  and  is  often  taken  in  southern  California. 
Sebastichtkys  elongatus  is  a  red  species  with  very  large  mouth. 
Several  other  species  small  in  size  are  red,  with  three  or  four 
spots  of  bright  pink.     The  commonest  of  these  is  the  corsair. 


Flo.   KS7  — Priest-fish,  Sebatlodes  mijilinua  Jordan  &  Gilbert.     Monterey,  Cal. 


Sebastickthys  rosaceus,  plain  red  and  golden.  Another  species 
is  the  green  and  red  fiyfish,  Sebastichtkys  rhodochloris.  SebaS' 
tichtkys  constellatus  is  spotted  with  pink  and  Sebastichtkys  chlo- 
rostictus  with  green.  To  this  group  with  pink  spots  the  South 
American  and  African  species  belong,  but  none  of  the  Japa- 
nese. Sebastodes  aleutianus  is  a  large  red  species  common  in 
Alaska  and  Sebastodes  ciliatus  a  green  one.  About  the  wharves 
in  California  and  northward  the  brown  species  called  Sebas- 
tichtkys auriculatus  is  abundant.  In  the  remainmg  species 
the  spinous  ridges  are  progressively  higher,  though  not  so  sharp 
as  in  some  of  those  already  named.  Sebastickthys  maliger  has 
very  high  dorsal  spmes  and  a  golden  blotch  on  the  back.  In 
Sebastichtkys  caurinus  and  especially  Sebastickthys  vexillaris 
the  spines  are  very  high,  but  the  coloration  is  different,  being 
reddish  brown.    Sebastichtkys  nebulosus  is  blue-black  with  golden 
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spots.  Sebastichthys  chrysomelas  is  mottled  black  and  yellow. 
Sebastichthys  carnatus  is  flesh-color  and  green.  Sebastichthys 
rastrelliger  is  a  small,  blackish-green  species  looking  like  Sebas- 
todes  atroviiens,  but  with  short  gill-rakers.  Sebastichthys  hop- 
kinsi  and  Sebastichthys  gilberti  are  small  species  allied  to  it. 
The  treefish,  Sebasticklkys  serriceps,  has  very  high  spines  on  the 
head,  and  the  olive  body  is  crowned  by  broad  black  bands. 
Still  more  striking  is  the  black-banded  rockfish,  Sebastichthys 


Vta.  638. — Seboilichlhys  eerriceps  Jordan  &  Gilbert.    Monterey,  CaL 


nigrofasciatus,  with  very  rough  head  and  bright  red  body  with 
broad  cross-bands  of  black. 

Of  the  Japanese  species  the  commonest,  Sebastodes  iftcrmis, 
the  Mebaru,  much  resembles  Scboslodcs  fiavidus.  Sebastodes 
jiiscescens  looks  like  Sebastodes  ineianops,  as  does  also  Sebastodes 
taczaitowskii.  Sebastodes  inatsitbanc  and  S.  flainnicns  and  S. 
iniciuidiis,  bright-red  olt-shore  species,  run  cliise  to  Sebastodes 
aleiitianus.  Sebastichthys  pachycc phahis  suggests  Sebastichthys 
chrysomelas.  Sebastodes  steiudachncri  and  S.  itinus  are  brighter- 
colored  alHes  of  Sebastodes  ovalis  and  Sebastodes  scytliropiis  and 
Sebastodes  joyneri  reprcst-nt  Sebastodes  proriger.  Sebastichthys 
triviitatiis,  green,  striped  with  bright  golden,  bears  some  resem- 
blance to  Sebastichthys  maligcr,  Sebastichthys  elegans,  Sebastich- 
thys oblongHS,  and  Sebastichthys  miisiikiirii,  dwarf  species,  pro- 
fusely spotted,  have  no  analogues  among  the  .American  forms. 
Sebastodes  glaucits  of  the  Kiunle  Islands  has  14  dorsal  spines 
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and  is  not  closely  related  to  any  other.  Fourteen  dorsal 
spines  are  occasionally  present  in  Sehastichtkys  elegans.  All 
the  other  species  show  constantly  13. 

The  genus  Sebastiscus  has  the  general  appearance  of  Sebas~ 
todes,  and  like  the  latter  possesses  a  large  air-bladder.  It  how- 
ever agrees  with  Scorpmna  in  the  possession  of  but  12  dorsal 
spines  and  24  vertebrse.  The  two  known  species  are  common 
in  Japan.  Sebastiscus  marmoratus,  mottled  brown,  is  everywhere 


Fia.  S89. — Banded  Rockfish,  Stbaatichthyt  nigrocinetiu  (Ayres).    Struts  of  Fuco. 


abundant  along  the  coast,  and  the  pretty  Sebastiscus  albofasciatus, 
pink,  violet,  and  golden,  represents  it  in  equal  abundance  in 
deeper  water. 

The  genus  Sebastopsis  diifers  from  Sebastodes  only  in  having 
no  teeth  on  the  palatines.  The  species,  all  of  small  size  and 
red  or  varied  coloration,  are  confined  to  the  Pacific.  Sebastop- 
sis xyrts  occurs  in  Lower  California  and  Sebastopsis  guamensis 
and  S.  scaber  in  Polynesia.  Species  of  this  genus  are  often 
found  dried  in  Chinese  insect  boxes. 

Helicolenus  differs  from  Sebastiscus  only  in  the  total  absence 
of  air-bladder.  The  species  are  all  bright  crimson  in  color,  very 
handsome,  and  live  in  deep  water.  Helicolenus  dactylcpterus  is 
rather  common  in  the  Mediterranean,  and  is  sometimes  taken 
in  the  Gulf  Stream,  and  also  in  Japan,  where  two  or  three  other 
species  occur. 
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Neosrixisies  is  much  like  S^xistodes,  but  the  suboriiital  sta^ 
bears  strcnig  sjnnes  and  the  donal  is  very  high.  Mtosebastes 
panda  is  found  in  Australia,  and  N,  etUaxis  in  Japan.  Setarckes  is 
distinguidied  by  the  cavernous  bones  of  its  head.  Species  are 
found  in  both  the  Atlantic  and  Pacific  in  deep  water.  Several 
other  peculiar  or  transitional  genera  are  found  in  different  parts 
of  the  Pacific. 

In  ScorptBtta  the  head  is  more  uneven  in  outline  than  in 
S^iostodes  and  Sebastichtkys,  skinny  flaps  are  often  present  on 
head  and  body,  the  air-bladder  is  wanting,  there  are  1 2  dorsal 
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Spines  and  24  vertebra;,  and  on  each  dorsal  spine  is  a  small 
venom-secreting  gland.  The  species  are  very  numerous,  highly 
varied  in  color,  and  found  in  all  warm  seas,  being  kno^vn  as  scor- 
pion-fishes or  Rascacios.  Two  species,  Scorpccna  scrofa  and 
Scorpcena  porciis,  are  common  in  the  Mediterranean,  being  re- 
garded as  good  food-fishes,  though  disliked  by  the  fishermen. 

Of  the  numerous  West  Indian  species,  Scorpcena  phimieri, 
ScorpcBna  grandicornis,  and  Scorptrna  brasiliensts  are  best  known, 
ScorpiEna  guttata  is  common  in  southern  California  and  is  an 
excellent  food-fish.  ScorpwJia  inystes  is  found  on  the  west  coast 
of  Mexico.  Scorpana  ofiaria  and  5.  isensis  are  found  in  Japan. 
Fossil  remains  referred  to  Scorpcena  are  recorded  from  the  Terti- 
ary rocks. 


VARIATIONS  IN   THE  COLOR  OF    FISHES 
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In  the  islands  of  the  Pacific  are  numerous  dwarf  species 
less  than  three  inches  long,  which  have  been  set  apart  as  a 
separate  genus,  Sebastapistes.  The  longest  known  of  these  is 
Sebastapistes  strongensis,  named  from  Strong  Island,  abundant 
in  crevices  in  the  corals  throughout  Polynesia,  and  much  dis- 
liked by  fishermen. 

The  genus  Scorpxnopsis  differs  from  Scorpcsna  in  the  absence 
of  palatine  teeth.     It  is  still  more  fantastic  in  form  and  color. 


Fia.  541 . —Sea-scorpion,  ScorpiEmi  my»Ua  Jordan.     MoKatlan. 

Scorpirnopsis  arrhpsa,  Scorparnopsis  fimbriata,  and  other  species 
are  iividely  distributed  through  the  East  Indies  and  Polynesia. 

The  lion-fishes  (Pterois)  of  the  tropical  Pacific  are  remarkable 
for  their  long  pectoral  fins,  elongate  dorsal  spines,  and  zebra-Uke 
coloration.  The  numerous  species  are  fantastic  and  hand- 
somely colored,  but  their  poisoned,  needle-hke  spines  are  dreaded 
by  fishermen.  They  lurk  in  crevices  in  the  coral  reefs,  some 
of  them  reaching  a  foot  in  length. 

Inimiciis  japonicus,  common  in  Japan,  has  a  depressed  and 
monstrous  head  and  a  generally  bizarre  appearance.  It  is  usually 
black  in  color  but  is  largely  bright  red  when  found  among  red 
alga;.  A  related  species,  Inimicus  aurantiacus,  is  blackish  when 
near  shore,  but  lemon-yellow  in  deep  water  (see  plate).  A 
related  species  in  the  East  Indies  is  Pelor  filamentosum,  called 
Noliu  or  Gofu  in  Polynesia. 

Still  more  monstrous  are  the  species  of  Synanceia,  short, 
thick-set,  irregularly  formed  fishes,  in  which  the  poisoned  spines 
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reach  a  high  d^ree  of  venom.  The  flesh  in  all  these  species 
is  wholesome,  and  when  the  dorsal  spines  are  cut  off  the  fishes 
sell  readily  in  the  markets.  These  fishes  he  hidden  in  cavities 
of  the  reefs,  being  scarcely  distinguishable  from  the  rock  itself. 
(See  Fig.  64.) 

The  black  Emmydrichthys  vulcamis  of  Tahiti  lies  in  crevices 
of  lava,  and  could  scarcely  be  distinguished  from  an  irregular 
lump  of  lava-rock. 


Fia.  54S.— Black  Nohu,  or  Pobon-fiah,  EmmydrUhihy  vuicamu  Jordan.  A  npeciea 
with  stingiw  epines,  showins  icsemblance  to  lumps  of  lava  among  which  it 
liveft.    Famuy  Scorpaaida.    From  Tahiti. 

A  related  form,  Erosa  erosa,  the  daruma-okose  of  Japan,  is 
monstrous  in  form  but  often  beautiftUly  colored  with  crimson 
and  gray. 

In  Congiopus  the  very- strong  dorsal  spines  begin  in  the 
head,  and  the  mouth  is  very  small.  Dr.  Gill  makes  this  genus 
the  type  of  a  distinct  family,  Congiopodid<E. 

Besides  these,  very  many  genera  and  species  of  small  poison- 
fishes,  called  okose  in  Japan,  abound  in  the  sandy  bays  from 
Tokio  to  Hindostan  and  the  Red  Sea.  Some  of  these  are  hand- 
somely colored,  others  are  fantastically  formed.  Paracentro- 
pogon  rubripinnis  and  Minous  adamsi  are  the  commonest  species 
in  Japan.  Trachtcepkalus  urancscopus  abounds  in  the  bays  of 
hina.     Snyderina  yamanokami  occurs  in  Southern  Japan. 

But  few  fossil  Scorp(Bnidce  are  recorded.  Scorp<Bnoptenis 
siluridens,  a  mailed  fish  from  the  Vienna  Miocene,  with  a  warty 
head,  seems  to  belong  to  this  group,  and  Amphertstus  toliapicus, 
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with  a  broad,  depressed  head,  is  found  in  the  London  Eocene, 
and  various  Miocene  species  have  been  referred  to  Scorpcena. 
Sehastodes  rosce  is  based  on  a  fragment,  probably  Pleistocene, 
from  Port  Harford,  California. 

The  small  family  of  the  CaracanlhidtB  consists  of  little  fishes 
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of  the  coral  reefs  of  the  Pacific.  These  are  compressed  in  form, 
and  the  skin  is  rough  with  small  prickles,  the  head  being  feebly 
armed.  The  species  are  rare  and  little  known,  brown  in  color 
with  pale  spots. 

The  SWlfishes:    Anoplopomidfe.  —  The   small    family  of    skil- 
fishes  or  Anoplopomid<e  consists  of  two  species  found  on  the 


FlO.   646. — Skilfish,  AncpUipoma  fimbria  (Pallas).     California. 

coast  of  California  and  northward.     These  resemble  the  Scor- 
pmnidce,  having  the  usual  form  of  nostrils,  and  the  suborbital 
stay  well  developed.     The  skull  is,  however,  free  from  spines, 
the    scales    are    small    and    close-set,    and    the 
colored  body  has  suggested  resemblance  to  the  mac] 
hake.     Anoplopoma  fimbria,  known  as  skilfish,  beshow,  ( 
fish,  is  rather  common  from  Unalaska  to  Monterey,  1 
a  length  of  two  feet  or  more.      In  the  north  it  b« 
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fat  and  is  much  valued  as  food.     About  San  Francisco  it  is 
dry  and  tasteless. 

The  GreenliBgs:  Hexagrammidse.  —  The  cimous  family  of 
greenlings,  Hexagrammidee,  is  confined  to  the  two  shores  of  the 
North  Pacific.  The  species  vary  much  in  form,  but  agree  in- 
the  unarmed  cranium  and  in  the  presence  of  but  a  single  nostril 
on  each  side,  the  posterior  opening  being  reduced  to  a  minute 
pore.  The  vertebne  are  numerous,  the  scales  small,  and  the 
coloration  often  brilliant.  The  species  are  carnivorous  and 
usually  valued  as  food.  They  Uve  in  the  kelp  and  about  rocks 
in  California  and  Japan  and  along  the  shores  of  Siberia  and 


Fio.  647. — Atk&-fiBh,   Plewogrammiu   mono-pterygiut   (Pallas).     Atka  Island. 


Alaska.  The  atka-fish  (Pleurogrammus  monopterygms)  is  one 
of  the  finest  of  food-fishes.  This  species  reaches  a  length  of 
eighteen  inches.  It  is  yellow  in  color,  banded  with  black,  and 
the  flesh  is  white  and  tender,  somewhat  like  that  of  the  Lake 
whitefish  (Coregonus  clupeiformis) ,  and  is  especially  fine  when 
salted.  This  fish  is  found  about  the  Aleutian  Islands,  espe- 
cially the  island  of  Atka,  from  which  it  takes  its  name.  It  is 
commercially  known  as  Atka  mackerel. 

In  this  genus  there  are  numerous  lateral  lines,  and  the  dorsal 
fin  is  continuous.  In  Hexagrammos,  the  principal  genus  of  the 
family,  the  dorsal  is  divided  into  two  fins,  and  there  are  about 
five  lateral  lines  on  each  side. 

Hexagrammos  decagrammus  is  common  on  the  coast  of  Cali- 
fornia, where  it  is  known  by  the  incorrect  name  of  rock-trout. 
It  is  a  well-known  food-fish,  reaching  a  length  of  eighteen  inches. 
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The  sexes  are  quite  imhTtf!  in  color,  the  males  anteriorly  villi 
blue  spots,  tiie  female  speckled  with  red  or  brown. 

Hexagrammos  octogrammus,  the  common  greenfish  of  Alaska, 
and  the  greenling  Hexagrammos  stelleri,  are  also  weH-koown 
Close  to  the  latter  species  is  the  Abura  ainame,  or 


FlO.  an. — Gneuliw;.  Heza^Tommo*  Jeeagrammut  ''Pallas).     Sllk». 

fat  cod,  Hexagrammos  olakii,  common  throughout  Japan.  The 
red  rock-trout.  Hexagrammos  superciliosus,  is  beautifully  \-arie- 
gated  with  red,  the  color  being  extremely  \'ariable.  Other 
species  are  found  in  Japan  and  Kamchatka.     Agrammus  agram- 


Flo.   M».— Cultui  Cod,  Ophiodon  dtmgalia  (Ginrd).     Sllu,  Akdu. 


mus  of  Japan  differs  in  the  possession  of  but  one  lateral  line. 
Ophiodon  elongatus,  the  blue  &>A,  cultus  cod,  or  Buffalo  cod  of 
California,  is  a  large  fish  of  moderate  value  as  food,  much  resem- 
bling a  codfish,  but  with  larger  m^nith  and  longer  teeth.  The 
flesh  and  bones  are  decj^ly  tinged  with  bluish  green.  CuUus 
is  the  Chino'jk  name  f'jr  wf^i-hless,  Zaniolepis  laiipinnis  is 
a  sii^ular-looking  fish,  verj'  rough,  dry,  and  bony,  occasionally 
taken  on  the  California  coast.  Oxylebius  picius  is  a  small,  hand- 
some, and  very  active  little  fish,  whitish  with  black  bands,  com- 
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mon  among  rocks  and  algae  on  the  California  coast.  It  is, 
however,  rarely  brought  into  the  markets,  as  it  shows  great 
skill  in  escaping  the  nets. 

No  fossil  HexagrammidcB  are  known. 

The  Flatheads  or  Kochi:  Platycephalidae. — ^The  family  of  Pla- 
tycephalidce  consists  of  spindle-shaped  fishes,  with  flattened, 
rough  heads  and  the  body  covered  with  small,  rough  scales. 
About  fifty  species  occur  in  the  East  Indian  region,  where  the 
larger  ones  are  much  valued  as  food.  The  most  abimdant 
species  and  usually  the  largest  in  size  is  Platycephalus  insidiator^ 
the  kochi  of  the  Japanese.  The  genus  Insidiator  contains  smaller 
species  with  larger  scales.  In  all  these  the  head  is  very  much 
depressed,  a  feature  which  separates  them  from  all  the  Scor- 
pcenidce,  Hoplichthys  langsdorfi,  the  nezupo  or  rat-tail  of  Japan, 
is  the  type  of  a  separate  family,  Hoplichthyidco,  characterized  by 
a  bony  armature  of  rough  plates.  Bembras  japonicus,  another 
little  Japanese  fish,  with  the  ventrals  advanced  in  position  and 
the  skin  with  rough  plates,  is  the  type  of  the  family  of 
BembradidcE, 

The  Sculpins:  CottidsB. — The  great  family  of  Cottidcc  or  scul- 
pins  is  one  especially  characteristic  of  the  northern  seas,  where 
a  great  variety  of  species  is  found.  These  differ  in  general 
from  the  Scorpwnidce,  from  which  they  are  perhaps  derived, 
in  the  greater  number  of  vertebrae  and  in  the  relative  feeble- 
ness or  degeneration  of  the  spinous  dorsal,  the  ventrals,  and 
the  scales.  In  all  these  regards  great  variation  exists.  In 
the  most  primitive  genus,  Jordania,  tlie  body  is  well  scaled, 
the  spinous  dorsal  well  developed,  and  the  ventral  rays  1,5.  In 
Hemitriptenis  a  large  number  of  dorsal  spines  remains,  but  the 
structure  in  other  regards  is  highly  modified.  In  the  most 
degraded  types,  CotUinculiis,  Psychrolutcs,  Gilbcrtidia,  which 
are  also  among  the  most  specialized,  there  is  little  trace  of 
spinous  dorsal,  the  scales  arc  wholly  lost,  and  the  ventral  fin 
is  incomplete.  Most  of  the  species  of  Cottidcc  live  on  the  bot- 
tom in  shallow  seas.  Some  are  found  in  deep  water  and  a  few 
swarm  in  the  rivers.  All  are  arctic  or  subarctic,  none  being 
found  to  the  south  of  Italy,  Virginia,  California,  and  Japan. 
None  are  valued  as  food,  being  coarse  and  tough.  Scarcely 
any  is  found  fossd.   . 
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Of  the  multitude  of  genera  of  Cottida  we  notice  a  few  of 
the  most  prominent.  Jordania  zonope,  a  pretty  little  fish  of 
Puget  Sound,  is  the  most  primitive  in  its  characters,  being  closely 
allied  to  the  Hexagratnmidce. 

ScorptBTtichthys  marmoratus,  the  great  sculpin,  or  cabezon,  of 
California  reaches  a  length  of  2  J  feet.     It  has  the  ventral  rays 


Fio.  BOO. — Jordania  amope  Starka.     Puget  Sound. 

I,  5,  although  almost  in  all  the  other  sculpins  the  rays  are 
reduced  to  i,  3  or  i,  4.  The  flesh  has  the  livid  blue  color  seen 
in  the  cultus  cod,  Ophtodon  elongaius. 

To  Icelinus,  Artedius,  Hetnilepidotus,  Astrolytes,  and  related 
genera  belong  many  species  with  the  body  partly  scaled.     These 


Fio.  m.—AtlnlyU*  itUoipiMv  (Ginrd).  Puget  Sound, 
are  characteristic  of  the  North  Pacific,  in  which  they  drop  to 
a  considerable  depth,  Icelus,  Triglops,  and  Artediellus  are 
found  also  in  the  North  Atlantic,  the  Arctic  fauna  of  which  is 
derived  almost  entirely  from  Pacific  scnirces.  The  genus  Hemi- 
lepidolus  contains  coarse  species,  with  'oands  of  scales.  The 
"Irish  lord,"  Hemilepidottts  jordani,  a  familiar  and  fantastic 
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inhabitant  of  Bering  Sea,  is  much  valued  by  the  Aleuts  as  a 
food-fish,  although  the  flesh  is  rather  tough  and  without  much 


Fio.   653. — Irish  Lord,  Hemilepidotvx  jordani  Bean,     Unalaaka, 
flavor.     Almost  equally  common  in  Bering  Sea  is  the  red  scul- 
pin,   Hemilepidotiis  hcmilepidotus,  and  the  still  rougher  Cera- 


Flo    553  — Tnghpn  pingeh  Krftyer.     Cliebupto,  CanaJa. 

tocottus  diceraus.    The  stone-sculpin,  or  buffalo-sculpin,  Enophrys 
bison,  with  bony  plates  on  the  side  and  rough  horns  on  the  preo- 


Pro.  651. — Buffalo  Sculpiu,  Enophrys  bison  (Girard).     Puget  Sound. 

percle,   is  found  about  Puget  Sound  and  southward.     In  all 
these  large  rough  species  from  the  North  Pacific  the  preopercle 


Pareioplitx,  or  Mailed-cheek  Fishes 


65s 


is  armed  with  long  spines  which  are  erected  when  the  fish  is 
disturbed.  This  makes  it  almost  impossible  for  any  larger 
fish  to  swallow  them. 


Pro.  655.— C«ratoeo«u«  dkeraut  <Cuv.  &  Val.)-     ToUW  Bay,  MaAa. 

The  genera  Cottus  and  Uranidea  include  the  miller's  thumbs, 
also  called  in  America,  blob  and  muffle-jaws,  of  the  Northern 


Fio,  554. — Elanum  farpxtta  Gilbert. 

rivers.     These  little  fishes  are  found  in  Europe,  Asia,  and  America 
wherever  trout  are  ffAmd.     They  lurk  under  weeds  and  stones. 


-4?'^ 


mo^-ing  with  the  greatest  swiftness  wlien  dJsturljtd.  They  are 
found  in  ever>'  cold  stream  of  the  regi'jn  north  of  \'irginia.  and 
they  vie  with  the  sticklebacks  in  their  destnicti'jn  of  the  eggs 
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and  fry  of  salmon  and  trout.  Coitus  gobio  is  the  commonest 
species  of  Europe.  Coitus  ictalops  is  the  most  abimdant  of  the 
several  species  of  the  eastern  United  States,  and  Coitus  asper  in 
streams  of  the  Pacific  Coast,  though  very  many  other  species 


Fig.   5o8.^Miller'a  Thumb,  Uranidea  tenuis  Bverraunn  &  Meek.     Klamath  Falla. 


exist  in  each  of  these  regions.  The  genus  Uranidea  is  found 
in  America.  It  is  composed  of  smaller  species  with  fewer 
teeth  and  fin-rays,  the  ventrals  1,  3.  Uranidea  gracilis  is  the 
commonest  of  these,  the  miller's  thumb  of  New  Englaod. 
RJieopresbe  fujiyamtE  is  a  large  river  sculpin  in  Japan. 


^^ir^>.. 


Fm.   669. — Coitus  nvrmanni  Gilbert.     Lost  River,  Oregon. 


Trachidermus  ansatus  is  another  river  species,  the  "  mountain- 
witch"  (yama-no-kami)  of  Japan,  remarkable  for  a  scarlet 
brand  on  its  cheek,  conspicuous  in  life. 

The  chief  genus  of  Atlantic  sculpins  is  Myoxocephalns,  con- 
taining large  marine  species,  in  structure  much  like  the  species 
of  Cotius.  Myoxocephalns  bitbalis  is  the  European  fatherlasher, 
or  proach;  the  European  sculpin  is  Myoxocephalns  scorpius. 
The  very  similar  daddy  sculpin  of  New  England  is  Myoxocepha- 
lus  grcEitlandicHS.  This  species  swarms  everywhere  from  Cape 
Cod  northward. 


According  to  Fabricius,  Myoxocephalus  granlandictts  is 
"  abundant  in  all  the  bays  and  inlets  of  Greenland,  but  prefers  a 
stony  coast  clothed  with  seaweed.     It  approaches  the  shore  in 


spring  and  departs  in  winter.  It  is  very  voracious,  preying  on 
everything  that  comes  in  its  way  and  pursuing  incessantly  the 
smaller  fish,  not  sparing  the  young  of  its  own  species,  and  devour- 
ing Crustacea  and  worms.  It  is  very  active  and  bold,  but  does 
not  come  to  the  surface  unless  it  be  led  thither  in  pursuit  of 


St.  rnul  Island, 


other  fish.  It  spawns  in  December  and  January  and  deposits 
its  red-colored  roe  on  the  seaweed.  It  is  easily  taken  with  a 
bait,  and  constitutes  the  daily  food  of  the  Greenlanders,  who 
are  very  fond  of  it.     They  eat  the  roe  raw." 

The  little  sculpin,  or  grubby,  of  the  New  England  coast  is 
Myoxocephalus  anetis,  and  the  larger  eighteen -spined  sculpin  is 
Myoxocephalus    octodecimspinosus.     Still    more    numerous    and 


M 
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varied  are  the  sculpins  of  the .  North  Pacific,  Myoxocephalus 
folyacanthocephalus  being  the  best  known  and  most  widely 
diffused.  OncocoUus  quadricomis  is  the  long-homed  sculpin  <A 
Arctic    Europe,    entering  the   Ifikes   of    Russia    and   British 


FiQ.  8SS. — 18-a^ned  Scutinn,  Myoxoaphaiut  oelodeeimtpitiomu  (Mitchill). 
Beasley  Point,  N.  J. 

America.  Triglopsis  thompsoni  of  the  depths  in  our  own  Great 
Lakes  seems  to  be  a  dwarfed  and  degenerate  descendant  of 
Oncocottus. 

The  genus  Zesticelus  contains  small  soft-bodied  sculpins  from 
the  depths  of  the  North  Pacific.     Zesticelus  profundorum  was 


Fio.  503  — Uneocotlua  quadi 


St.  Michael,  Alaska, 


taken  in  664  fathoms  ofE  Bogoslof  Island  and  Zesticelus  bathybitis 
off  Japan.  In  this  genus  the  body  is  very  soft  and  the  skeleton 
feeble,  the  result  of  deep-sea  life.  Another  deep-water  genus  less 
degraded  is  Cotiunciilns,  from  which  by  gradual  loss  of  fins  the 
still  more  degraded  Psychrolntes  {paradoxus)  and  Gilbertidia 
(sigolutes)  are  perhaps  descended.  In  sculpins  of  this  type  the 
liparids,  or  sea-snails,  may  have  had  their  origin.     Among  the 
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remaining  genera  Gymnocanthus  {tricuspis.  etc.)  has  no  vcmier- 
ine  teeth.  Leptocottus  (amuUiis)  and  Clinocottus  {analis)  abound 
on  the  coast  of  California,   and  Pseudoblennius  ipercoides)  is 


Fk.  SM  —Bleptiat  crrtuitut  PaOaa.     Stniu  of  Foa. 

found  even-where  along  the  shores  of  Japan,  Vellitcr  centro- 
pcmus  of  Japan  is  remarkable  among  sculpins  for  its  compressed 
body  and  long  snout.     Dijljrchus  snyderi  ol  the  California  rock- 


.    565  — S«  EiTiai.  Hrmi^ptfiu 


pools  is  perhaps  the  smallest  species  of  sculpin.  Blepsi^  <cir- 
rkcsus),  Xauiichlhy^  ' -.•cukjzscicilus  .  and  Hcmiiriptents  '•■jmeri- 
canns},  the  sea-iaver;.  usn.'-xu^  the  most  £antii5tic.  In  the  last- 
named  genus  the  spinous  dorsal  is  miny-r^yei  as  in  Sccrpir- 
nida,  a  fact  which  has  led  to  its  separatiio  ty  Dr.  Gi3  as  a  dis- 
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tinct  family.  But  the  dorsal  spines  are  equally  numerous  in 
Jordania  which  stands  at  the  (^)posite  extreme  of  the  cottoid 
seires 

In  Asceltchthys  {rhodorus)  a  pretty  sculpui  of  the  rock  pools 
of  the  Oregon  region  the  ventral  fins  are  wholly  lost  Ereunias 
grallator  a  deep-water  sculpin  from  Japan  without  ventrals  and 


Fm.  BM.— Oftffooottut  maeuloauf  Girard.    Stka. 


with  free  rays  below  its  pectorals,  should  perhaps  represent  a 
distinct  family,  Eretiniida. 

The  degeneration  of  the  spinous  dorsal  in  Psychrolutes  and  Gil- 
bertidia  of  the  North  Pacific  has  been  already  noticed.  These 
genera  seem  to  lead  directly  from  Cottunculus  to  Liparis. 

Fossil  Cottida  are  few.  Eocottus  veronensis,  from  the  Eocene 
of  Monte  Bolca,  is  completely  scaled,  with  the  ventral  rays  i,  $, 
It  is  apparently  related  to  Jordania,  but  is  still  more  primitive. 
Lepidocottus  (aries  and  numerous  other  species,  mostly  from  the 
Miocene)  is  covered  with  scales,  but  apparently  has  fewer  than 
five  soft  rays  in  the  ventrals.  Remains  of  OncocoUits,  Iceliis, 
and  Coitus  are  found  in  Arctic  Pleistocene  rocks.  The  family 
as  a  whole  is  evidently  of  recent  date. 

The  Rhamphocoitida;  consist  of  a  single  little  sculpin  with  a 
large  bony  and  singularly  formed  liead,  found  on  the  Pacific 
Coast  from  Sitka  to  Monterey.  The  species  is  called  Rhampho- 
cottus  richardsoni. 

The  Sea-poachers:  Agonidse. — The  sea -poachers  or  alligator- 
fishes,  Agonida,  are  sculpins  inclosed  in  a  coat  of  mail  made  by 
a  series  of  overlying  plates,  much  like  those  of  the  sea-horses  or 
the  catfishes  of  the  family  Loricariida:.  So  far  as  structure 
goes,  these  singular  fishes  are  essentially  like  the  Cottida,  but 
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with  a  different  and  more  perfect  armature.  The  many  species 
belong  chiefly  to  the  North  Pacific,  a  few  in  the  Atlantic  and  on 
the  coast  of  Patagonia.  Some  are  found  in  considerable  depth  of 
water.    All  are  too  small  to  have  value  as  food  and  some  have 


FiQ.  678. — Agonoid-fish,  Pallaaina  barbata  (Steindachner).     Port  Mulgrave,  Alaska 

most  fantastic  forms.  Only  a  few  of  the  most  prominent  need 
be  noticed.  The  largest  and  most  peculiar  species  is  Percis 
japonictis  of  the  Kurile  Islands.  Still  more  fantastic  is  the 
Japanese  Dracisciis  sachi  with  sail-like  dorsal  and  anal.  Agonus 
cdtaphractus,  the  sea-poacher,  is  the  only  European  species. 
Podothecus  acipenserinnSy  the  alligator-fish,  is  the  commonest 
species  of  the  North  Pacific.     Pallasina  barbata  is  as  slender  as 


Fig.   674. — Aspidophoroides  monopterygius  (Bloch).     Halifax. 

a  pipefish,  with  a  short  beard  at  the  chin.  Aspidophoroides 
monopterygins  of  the  Atlantic  and  other  similar  species  of  the 
Pacific  lack  the  spinous  dorsal  fin. 

No  fossil  Agoiidcc  arc  known. 

The  Lump-suckers:  Cyclopteridae.  —  The  lump-suckers,  Cyclop- 
teridcu,  are  structurally  very  similar  to  the  Cottidcv,  but  of  very 
different  habit,  the  body  being  clumsy  and  the  movements 
very  slow.  The  ventral  fins  are  tuiited  to  form  a  sucking  disk 
by  which  these  sluggish  fishes  hold  fast  to  rocks.  The  skeleton 
is  feebly  ossified,  the  spinous  dorsal  fin  wholly  or  partly  lost, 
the  skin  smooth  or  covered  with  bony  warts.  The  slender 
subortal  stay  indicates  the  relation  of  these  fishes  with  the 
Cotiidcu.  The  species  are  chiefly  Arctic,  the  common  lump- 
fish  or  "  cock  and  hen  paddle,"  Cyclopterus  lumpus,  abounding 
on  both  shores  of  the  North  Atlantic.  It  reaches  a  length  of 
twenty  inches,  spawning  in  eel-grass  where  the  male  is  left  to 
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watch  the  eggs.     Cycloptericluhys  veniricosus  is  a  large  species 
with  smooth  skin  from  the  North  Pacific. 

The  Sea-snails:    Liparidids.  - — The  sea-snails,   Liparidids  are 
closely  related  to  the  lumpfishes,  but  the  body  is  more  elongate, 


>^ 


1  J''  I        ;-   ■■     '  .'''<-nit  lumpus  (Linnseiu).     Eestport,  Me. 

tadpole  shaped,  covered  with  very  lax  skin,  like  the  "wrinkled 
skin  on  scalded  milk."  In  structure  the  liparids  are  still  more 
degenerate  than  the  lumpfishes.     Even  the  characteristic  ven- 


tral disk  is  lost  in  some  species  (Paraliparts;  Attiitra)  and  in 
numerous  others  the  tail  is  drawn  out  into  a  point  (leptocercal) , 
a  character  almost  always  a  result  of  degradation.  The  dorsal 
spines  are  wanting  or  imbedded  in  the  loose  skin,  and  all  trace 
of  spines  on  the  head  is  lost,  but  the  characteristic  suborW 
stay  is  well  developed.  The  numerous  species  are  all  snu 
three  to  twelve  inches  in  length.     They  live  in  Arctic  watt 
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often  descending  to  great  depths,  in  which  case  the  body  is  very 
soft.  One  genus,  Enantioliparis,  is  found  in  the  Antarctic,  In 
the  principal  genus,  Liparis,  the  ventral  disk  is  well  developed, 
and  the  spinous  dorsal  obsolete.  Liparis  liparis  is  found  on 
both  shores  of  the  North  Atlantic,  and  is  subject  to  large  varia- 
tions in  color.  Liparis  agassizi  is  abundant  in  Japan  and  north- 
ward, and  Liparis  pulcheUus  in  California,  In  the  most  primi- 
tive genus,  Neoliparis,  a  notch  in  the  fin  indicates  the  separation 
of  the  spinous  dorsal.  Neoliparis  montagui  is  common  in  Europe, 
replaced  in  New  England  by  Neoliparis  allanlicus.  Careproctus, 
with  numerous  elongate  species,  inhabits  depths  of  the  North 
Pacific,     In  Paraliparis  (or   Hilgendorfia)   ulochir,  the  ventral 


Pio,  B7T. — Snailfish,  NeoliparU  mueotut  (Ayres).    San  Francisco. 


disk  is  gone  and  the  lowest  stage  of  degradation  of  the 
Loricate  or  Scorpcena-CoUus  type  of  fishes  is  reached.     No  fossil 

lump-suckers  or  liparids  are  recorded,  although  remains  of 
Cyclopterus  lumpus  are  found  in  nodules  of  glacial  clay  in 
Canada. 

The  Baikal  Cods:  Comephorids. — The  family  of  CotnephoridcE 
includes  Coniephortis  baikalciisis,  a  large  fresh-water  fish  of 
Lake  Baikal  in  Siberia,  having  no  near  affinities  with  any  other 
existing  fish,  but  now  known  to  be  a  mail-check  fish  related  to 
the  Coltida,  The  body  is  elongate,  naked,  with  soft  llesh  and 
feeble  skeleton.  The  mouth  is  large,  with  small  teeth,  and 
the  skull  has  a  cavernous  structure.  There  are  no  ventral 
fins.  The  spinous  dorsal  is  short  and  low,  the  second  dorsal 
and  anal  many-rayed,  and  the  pectoral  fins  are  excessively  long, 
almost  wing-like;  the  vertebra;  number  84-35=43,  and  unlike 
most  fresh-water  fishes,  the  species  has  no  air-bladder.  Little 
is  knowTi  of  the  habits  of  this  singular  fish.  Another  genus  is 
recently  described  under  the  name  of  Cottocomephorus. 
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Suborder  Craniomi:  the  Gurnards,  Triglidse. — A  remarkable  ofE- 
shoot  from  the  Pareiopliice  is  the  suborder  of  gurnards,  known 
as  Craniomi  {icpay toy,  skull;  w/ioc,  shoulder).  In  these  fishes 
the  suborbital  stay  is  highly  developed,  much  as  in  the  Agonidee, 
bony  externally  and  covering  the  cheeks.  The  shoulder-girdle 
is  distorted,  the  post-temporal  being  solidly  united  to  the  cra- 
nium, while  the  postero-temporal  is  crowded  out  of  place  by 
the  side  of  the  proscapiJa.  In  other  regards  these  fishes  resemble 
the  other  mail-cheek  forms,  their  affinities  being  perhaps  closest 
with  the  AgonideB  or  certain  aberrant  CottidtB  as  Ereunias. 

In  the  true  gurnards  or  TriglidcB  the  head  is  rough  and 
bony,  the  body  covered  with  roi^h  scales  and  below  the  pectoral 
fin  are  three  free  rays  used  as  feelers  by  the  fish  as  it  creeps 
along  the  bottom.  These  free  rays  are  used  in  turning  over 
stones,  explorii^  shells  and  otherwise  searchii^  for  food.  The 
numerous  species  are  found  in  the  warm  seas.     In  Eimjpe, 


Fia.   5T8  — Se&-robin,  Prionotw  evolaru  (L.).     Wood's  Hole,  h 

the  genus  Trigla,  without  palatine  teeth  and  with  the  lateral 
line  armed,  is  represented  by  numerous  well-known  species. 
Trigla  cuculus  is  a  common  form  of  the  Mediterranean.  Cheli- 
donickthys,  similar  to  Trigla  but  larger  and  less  fully  armed,  is 
found  in  Asia  as  well  as  in  Europe.  Several  species  occur  in  the 
Mediterranean,  Chelidonichthys  kumu  is  a  common  species  in 
Japan,  a  large  fish  with  pectorals  of  a  very  brilliant  variegated 
blue,  like  the  wings  of  certain  butterflies. 

Lepidotrigla,  with  lai^er  scales,   has  many  species  on  the 
coasts  of  Europe  as  well  as  in  China  and  Japan.     Lepidotrigla 
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alata,  a  red  fish  with  a  peculiar  bony,  forked  snout,  is  common 
in  Japan.  The  American  species  of  gurnards,  having  teeth 
on  the  palatine,  belong  to  the  genus  PHonotus.  Northward 
these  fi^es,  known  as  sea-robins,   live  along    the    shores    in 


Flo.  GTQ  — Flying  Gurnard,  Ctph€^aeanAv*  volitan»  (L.).    Virgima. 


shallow  water.  In  the  tropics  they  descend  to  deeper  water, 
assuming  a  red  color.  Prionotus  carolinus  is  the  commonest 
species  in  New  England.  Prionotus  strigatus,  the  striped  sea- 
robin,  and  Prionotus  tnbulus,  the  rough-headed  sea-robin,  are 
common  species  along  the  Carolina  coast.  None  has  much 
value  as  food,  being  dry  and  bony.    Numerous  fossil  species 


Fig.    580.— Peristerfion 


Goode  &  Bean.     Dcpllia  of  Ihe  Gulf  Stre, 


referred  to  Trigla  are  found  in  tlie  Miocene.  Podopteryx,  from 
the  Italian  Miocene,  with  small  pectorals  and  very  large  ven- 
trals,  perhaps  belongs  also  to  this  family,  but  its  real  affinities 
are  unknown. 

The    PeristediidfiE.  —  The    PeristcdiidcB    are    deep-water    sea- 
robins,  much  depressed,  with  flat  heads,  a  bony  coat  of  mail, 
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and  two  free  feelers  on  the  pectoral  fin  instead  of  three.  The 
species  of  Peristedion  are  occasionally  taken  with  the  dredge. 
Peristedion  cataphractum  is  rather  common  in  Europe.  The 
extinct  Peristedion  urcianense  is  described  from  the  Pliocene 
of  Orciano,  Tuscany. 

The  Flying  Gurnards :  Cephalacanthito.  —  The  flying  gur- 
nards, Cephalacanihid<B,  differ  in  numerous  respects  and  are 
among  the  most  fantastic  inhabitants  of  the  sea.  The  head 
is  short  and  bony,  the  body  covered  with  firm  scales,  and  the 
very  long,  wing-like  pectoral  fin  is  divided  into  two  parts, 
the  posterior  and  larger  almost  as  long  as  the  rest  of  the  body. 
This  fin  is  beautifully  colored  w4th  blue  and  brownish  red.  The 
first  spine  of  the  dorsal  fin  is  free  from  the  others  and  more 
or  less  prolonged.  The  few  species  of  flying  gurnard  are  much 
alike,  ranging  widely  in  the  tropical  seas,  and  having  a  slight 
power  of  flight.  The  flying  robin,  or  batfish,  called  in  Spanish 
volador  or  murcielago,  Ceplialacantltus  volitans,  is  common  on 
both  coasts  of  the  Atlantic,  reaching  a  length  of  eighteen 
inches.  Cephalacanthus  peterseni  is  foimd  in  Japan  and  Cepha- 
lacanthus  orientalis  in  the  East  Indies,  Japan,  and  Hawaii.  The 
immature  fishes  have  the  pectoral  fins  much  shorter  than  in 
the  adult,  and  differ  in  other  regards.  Cephalacanthus  pliocenicus 
occurs  in  the  Lower  Pliocene  of  Orciano,  Tuscany. 

Petalopteryx  syriacus,  an  extinct  flying  gurnard  found  in 
the  Cretaceous  of  Moimt  Lebanon,  is  an  ally  of  Cephalacanthus. 
The  body  is  covered  with  four-angled  bony  plates,  and  the 
first  (free)  spine  of  the  dorsal  is  enlarged. 


CHAPTER  XLI 

GOBIOIDEI,  DISCOCEPHALI,  AND  TiENIOSOMI 

UBORDER  Gobioidei,  the  GoMes:  Gobiito. — The  great 
family,  of  GobiidcB,  having  no  near  relations  among 
the  spiny-rayed  fishes,  may  be  here  treated  as  form- 
ing a  distinct  suborder. 

The  chief  characteristics  of  the  family  are  the  following: 
The  ventral  fins  are  thoracic  in  position,  each  having  one  spine 
and  five  soft  rays,  in  some  cases  reduced  to  four,  but  never 
wanting.  The  ventral  fins  are  inserted  very  close  together, 
th(B  inner  rays  the  longest,  and  in  most  cases  the  two  fins  are 
completely  joined,  forming  a  single  roimdish  fin,  which  may  be 
used  as  a  sucking-disk  in  clinging  to  rocks.  The  shoulder-girdle 
is  essentially  perch-like  in  form,  the  cranium  is  usually  depressed, 
the  bones  being  without  serrature.  There  is  no  lateral  line, 
the  gill-openings  are  restricted  to  the  sides,  and  the  spinous 
dorsal  is  always  small,  of  feeble  spines,  and  is  sometimes 
altogether  wanting.  There  is  no  bony  stay  to  the  preopercle. 
The  small  pharyngeals  are  separate,  and  the  vertebrae  usually 
in  normal  number,  10+14  =  24. 

The  species  are  excessively  numerous  in  the  tropics  and 
temperate  zones,  being  found  in  lakes,  brooks,  swamps,  and 
bays,  never  far  out  in  the  sea,  and  usually  in  shallow  water. 
Many  of  them  burrow  in  the  mud  between  or  below  tide-marks. 
Others  live  in  swift  waters  like  the  darters,  which  they  much 
resemble.  A  few  reach  a  length  of  a  foot  or  two,  but  most  of 
the  species  rarely  exceed  three  inches,  and  some  of  them  are 
mature  at  half  an  inch. 

The   largest    species,    Philypnus    dormitor,   the  guavina   de 

no,  is    fotmd  in    the  rivers  of   Mexico  and  the  West  Indies. 

It    reaches    a    length   of   nearly   two  feet   and   is   valued  as 

food.      Unlike  most  of   the  others,  in  this  species  there  are 
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teeth  on  the  vomer.  Other  related  forms  of  the  subfamDy 
of  Ekotrinee,  having  the  ventral  fins  separate,  are  Eleotris 
pisonis,  a  common  river-fish  everywhere  in  tropical  America: 
Eleotris  Jusca,  a  river-fish  aboimding  from  Tahiti  and  Samca 


de  Rio,  PhUypnia  dormitor  (Bloch  k  Schneider).     Poerto  EUnx 


to  Hindostan ;  Dormitator  maculattts,  the  stout-^Kxiied  gua\4n^- 
mapo  of  the  West  Indian  regions,  with  the  form  of  a  small 
carp.  Gtiavina  guavitia  of  Cuba  is  another  species  of  this  t\"pe, 
and  numerous  other  species  having  separate  ventrals  are  found 
in  the  East  Indies,  the  West  Indies,  and  in  the  islands  of  Poly- 
nesia.     Some  species,   as    Valenciennesia  strigata  of  the   East 


'5:^^, 


Fio.   562  — Donnetir,  Etectrit  pimmU  Grnelin.     Tortugas,  Fla. 

Indies  and  Vireosa  hatue  of  Japan,  are  very  gracefully  colored. 
One  genus,  Eviota,  is  composed  of  numerous  species,  all  minute, 
less  than  an  inch  in  length.  These  abound  in  the  crevices  in 
coral-heads.  Eviota  epiphanes  is  found  in  Hawaii,  the  others 
farther  south.  Hypseleoiris  gunthert,  of  the  rivers  and  springs 
of  Polynesia,  swims  freely  in  the  water,  like  a  minnow,  never 
hu^ing  the  bottom  as  usual  among  gobies. 


6/2  Gobioidei,  Discocephali,  and  Txniosomi 

Of    the  typical  gobies  having  the  ventrals  imiteii  we    can 
mention  but  a  few  of  the  myriad  forms,  different  species  being 


FiQ.    588. — Giiavina  mupo,  Dormitalor  maeutatii*  {Schneider).     Puerto  Rico. 

abundant  alike  in  fresh  and  salt  waters  in  alt  warm  regions. 

In  Europe  Gohius  jozo,  Gobius  ophiocephalus,  and  many  others 


Fio.    684  — Vireosa  hana  Jordan  4  Snyder.     Misftki,  Japan. 
are  common  species.     The  t)-pica]   genus  Gobius  is  known  by 
its  tmited  ventrals.  and  by  the  presence  of  silken  free  rays  on 


Fia.  588  — Esmeralda  de  Mar,  Gnbinnetlus 


the  upper  part  of  the  pectoral  fin.      Mapo  soporalor  swarms 
about  coral  reefs  in  both   Indies.     Gobionelius  oceanicus,  the 
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esmeralda  or  emerald-fish,  is  notable  for  its  slender  body 
and  the  green  spot  over  its  tongue.  Gobiosoma  alepidotum 
and  other  species  are  scaleless.  Barbulifer  ceulku;cus  lives  in 
the  cavities  of  sponges.  Coryphopterus  similis,  a  small  goby, 
swarms  in  almost  every  brook  of  Japan.     The  species  of  Ptero- 


Flo.   586  —Ptrm^Awi  daimio  Jordan  ±  Snyder.     )liii«ki,  inptiU. 

gobius  are  beautifully  colored,  banded  with  white  or  black,  or 
striped  with  red  or  blue.  Pferogohius  virgo  and  Pterogobius 
daimio  of  Japan  are  the  most  attractive  species.  Specie*  of 
Cryptocentrus  are  also  very  prettily  colored. 

Of  the  species  burrowing  in  mud  the  most  tnterestmg  is 
the   loog-jawed   goby,   CiUichlhys   mirabUis.    In   this   species 


Fk,  WT. — luxntx  f,fJt/T.  Ahmrna  rtK/wit/iimn  JvHao,     MiznrUn,  Mire. 

the  upper  jaw  is  greatly  prolomgied.  Wiger  than  the  Ewa^,  a«  m 
Opis^Kygmj^ius  and  .Wjrfrwaj,  In  the  "Amervjxa  XatEtratwt" 
for    An^ttst,  li'j.  Mr.  W,  ?*.  Lockkiijton    jays  'if    tEi«  I'jnsf- 

"  I  fiaH  rC  tEie  lor^-^^weii  sfofcy.  as  eM  «h.tftf  pfcroKa-ffrv  fr^n- 
ssts  na  rta  Erwnjetiiirj>i3  Itfti^h  'if  faiBr.  A  gary^rkft  ha.4  a  I'.r.^  jaw, 
anrf  sr>  has  an  aHiigatnr.  aryl  ic  h  ncc  cs-.I-ikKh'  "har:  r.r.^  -.r.tft  wilT 
call  a^  na  tbe  triridi  ot  sccje  ■k^j'i'  r-esii  t?.:;!  '.'cji  -A^iA.  'X  i  v^rri-jCft 
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mouth,  anned  with  a  bristling  row  of  teeth.  This  would  be 
a  great  mistake,  for  our  httle  fish  has  no  teeth  worth  bragging 
about,  and  does  not  open  his  mouth  any  wider  than  a  well- 
behaved  fish  should  do.  The  great  difference  between  lus 
long  jaws  and  those  of  a  garpike  is  that  the  latter  "s  project 
forward,  while  those  of  our  goby  are  prolonged  backward 
immensely. 

"The  long-jawed  goby  was  discovered  by  Dr.  J.  G.  Cooper 
in  the  Bay  of  San  Diego,  among  seaweed  growing  on  small 
stones  at-  the  wharf,  and  in  such  position  that  it  must  have 
been  out  of  the  water  from  three  to  six  hours  daily,  though 
kept  moist  by  the  seaweed. 

"On  a  recent  occasion  a  single  Gillichthys,  much  larger  than 
any  of  the  original  types,  was  presented  by  a  gentleman  who 
said  that  the  fish,  which  was  new  to  him,  was  abundant  upon 
his  ranch  in  Richardson's  Bay,  in  the  northern  part  of  the 
Bay  of  San  Francisco ;  that  the  Chinamen  dug  them  up  and 
ate  them,  and  that  he  had  had  about  eleven  specimens  cooked, 


tbilis  Cooper.     Suotn  Barbara. 


and  found  them  good,  tasting,  he  thought,  somethii^  like  eeb. 
The  twelfth  specimen  he  had  preserved  in  alcohol,  in  the  interest 
of  natural  science.  This  gentleman  had  the  opportunity  of 
obser\'ing  something  of  the  mode  of  life  of  these  fishes,  and 
informed  us  that  their  holes,  excavated  in  the  muddy  banks  of 
tidal  creeks,  increase  in  size  as  they  go  downward,  so  that  the 
lower  portion  is  below  the  water -le\'el,  or  at  least  sufficiently  low 
to  be  kept  wet  by  the  percolation  from  the  surrounding  mud. 

' '  When  the  various  specimens  now  acquired  were  placed  side 
by  side,  the  difference  in  the  relative  length  of  their  jaws  was 
very  conspicuous,  for  while  in  the  smallest  it  was  about  one- 
fifth  of  the  total  length,  in  the  lai^est  it  exceeded  one-third. 

"As  the  fish  had  now  been  found  in  two  places  in  the  bay. 
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I  thought  I  woiild  try  to  find  it  also,  and  to  this  end  sallied 
out  one  morning,  armed  with  a  spade,  and  commenced  pros- 
pecting in  a  marsh  at  Berkeley,  not  far  from  the  State  Univer- 
sity. For  a  long  time  I  was  unsuccessful,  as  I  did  not  know  by 
what  outward  signs  their  habitations  could  be  distinguished, 
and  the  extent  of  mud-bank  left  bare  by  the  retreating  tide 
was,  as  compared  with  my  powers  of  delving,  practically  limit- 
less. 

"At  last,  toward  evening,  while  digging  in  the  bend  of  a 
small  creek,  in  a  strattim  of  soft,  bluish  mud,  and  at  a  depth  of 
about  a  foot  below  a  small  puddle,  I  found  five  small  fishes, 
which  at  first  I  believed  to  belong  to  an  undescribed  species, 
so  little  did  they  resemble  the  typical  G.  mirabilis,  but  which 
proved,  upon  a  closer  examination,  to  be  the  young  of  that 
species.  There  was  the  depressed,  broad  head,  the  fimnel- 
shaped  ventral  *  disk '  formed  by  the  union  of  the  two  ventral 
fins,  and  the  compressed  tail  of  the  long-jawed  goby,  but  where 
were  the  long  jaws?  The  jaws  were,  of  course,  in  their  usual 
place,  but  their  prolongations  had  only  just  begun  to  grow  along 
the  sides  of  the  head,  and  were  not  noticeable  unless  looked  for. 
A  comparison  of  the  various  specimens  proved  conclusively 
that  the  strange-looking  appendage  is  developed  during  the 
growth  of  the  fish,  as  will  be  seen  by  the  following  measure- 
ments of  four  individuals : 

**  In  the  smallest  specimen  the  maxillary  expansion  extends 
beyond  the  orbit  for  a  distance  about  equal  to  that  which  inter- 
venes between  the  anterior  margin  of  the  orbit  and  the  tip  of 
the  snout;  in  No.  2  it  reaches  to  the  posterior  margin  of  the 
preoperculvim ;  in  No.  3  it  ends  level  with  the  gill-opening; 
while  in  the  largest  individual  it  passes  the  origin  of  the  pectoral 
and  ventral  fins. 

**  What  can  be  the  use  of  this  long  fold  of  skin  and  cartilage, 
which  is  not  attached  to  the  head  except  where  it  joins  the 
mouth,  and  which,  from  its  gradual  development  and  ultimate 
large  dimensions,  must  certainly  serve  some  useful  purpose? 

**  Do  not  tmderstand  that  I  mean  that  every  part  of  a  crea- 
ture is  of  use  to  it  in  its  present  mode  of  life,  for,  as  all  natural- 
ists know,  there  are  in  structural  anatomy,  just  as  in  social 
life,  cases  of  survival;    remains  of  organs  which  were  at  some 
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former  time  more  developed,  parallel  in  their  nature  to  such 
survivals  in  costume  as  the  two  buttons  on  the  back  of  a  man's 
coat,  once  useful  for  the  attachment  of  a  sword-belt.  But  in 
this  fish  we  have  no  case  of  survival,  but  one  of  tmustial  develop- 
ment; the  family  {Gobiidce)  to  which  it  belong^  presents  no 
similar  case,  although  its  members  have  somewhat  similar 
habits,  and  the  conviction  grows  upon  us,  as  we  consider  the 
subject,  that  the  long  jaws  serve  some  useful  purpose  in  the 
economy  of  the  creature.  In  view  of  the  half -terrestrial  life 
led  by  this  fish,  I  am  inclined  to  suspect  that  the  expansion  of 
the  upper  jaw  may  serve  for  the  retention  of  a  small  qtiantity  of 
water,  which,  slowly  trickling  downward  into  the  mouth  and  gills, 
keeps  the  latter  moist  when,  from  an  unustially  low  tide  or  a 
dry  season,  the  waters  of  its  native  creek  fail,  perhaps  for  several 
hours,  to  reach  the  holes  in  which  the  fishes  dwell.  .  It  may  be 
objected  to  this  view  that,  were  such  an  appendage  necessary  or 
even  useful,  other  species  of  GobiidcB,  whose  habits  are  similar, 
would  show  traces  of  a  similar  adaptation.  This,  however,  by 
no  means  follows.  Nattu'e  has  many  ways  of  working  out  the 
same  end ;  and  it  must  be  remembered  that  every  real  species, 
when  thoroughly  known,  differs  somewhat  in  habits  from  its 
congeners,  or  at  least  from  its  family  friends.  To  take  an 
illustration  from  the  mammalia.  The  chimpanzee  and  the 
spider-monkey  are  both  quadrumanous  and  both  arboreal,  yet 
the  end  which  is  attained  in  the  former  by  its  more  perfect 
hands  is  reached  in  the  latter  by  its  prehensile  tail. 

**Why  may  not  the  extremely  long  channel  formed  by  the 
jaw  of  this  rather  abnormal  member  of  the  goby  family  be 
another  mode  of  provision  for  the  requirements  of  respiration?  '' 

Of  the  Asiatic  genera,  FcriophtJialmiis  and  Bolcophthabmis 
are  especially  notable.  In  these  mud-skippers  the  eyes  are 
raised  on  a  short  stalk,  the  fins  are  strong,  and  the  animal  has 
the  power  of  skipping  along  over  the  wet  sands  and  mud,  even 
skimming  with  great  speed  over  the  surface  of  the  water.  It 
chases  its  insect  prey  among  rocks,  leaves,  and  weeds,  and  out 
of  the  water  is  as  agile  as  a  lizard.  Several  species  of  these 
mud-skippers  arc  known  on  the  coasts  of  Asia  and  Polynesia, 
Periophthalmus  barbarns  and  Bolcophihalmiis  chiuensis  being 
the  best  known.     Awaoiis  crassilabris  is  the  common  oopu,  or 
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river  goby,  of  the  Hawaiian  streams,  and  Lentipes  slimpsoni  is 
the  mountain  oopu,  capable  of  clingir^  to  the  rocks  in  the 


rush  of  torrents.  Paragobiodon  echinocephalus  is  a  short  thick- 
set goby  with  very  lai^e  head,  found  in  crevices  of  coral  reefs 
of  Polynesia. 


In  numerous  interesting  species  the  first  dorsal  fin  is  wanting 
or  much  reduced.  The  crystal  goby,  Cryslallogobius  nilssoni, 
of  Europe  is  one  of  this  type,  with  the  body  translucent.     Equally 
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translucent  is  the  little  Japanese  shiro-uwo,  or  whitefish,  Leuco- 
psarion  petersi.  Misiichihys  luzonius  of  the  Philippine  Islands, 
another  diaphanous  goby,  is  said  to  be  the  smallest  of  all  verte- 
brates, being  mature  at  half  an  inch  in  length.  This  minute 
fish  is  so  very  abimdant  as  to  become  an  important  article  of 
food  in  Luzon.  The  rank  of  "smallest-known  vertebrate  "  has 
been  claimed  in  turn  for  the  lancelet  {Asymmetron  lucayanum) , 
the  top  minnow,  Heterandria  formosa,  and  the  dwarf  sunfish 
{Elassoma  zonatum),  Mistichthys  luzonius  is  smaller  than  any 
of  these,  but  the  diminutive  gobies,  called  Eviota,  foimd  in 
interstices  of  coral  rocks  are  equally  small,  and  there  are  several 
brilliant  but  minute  forms  in  the  reefs  of  Samoa.  The  snake-like 
Eutceniichthys  gilli  of  Japanese  rivers  is  scarcely  larger,  though 
over  an  inch  long.  Typhlogobius  calif orniensis,  **the  blindfish 
of  Point  Loma,  *'  is  a  small  goby,  colorless  and  blind,  found 
clinging  in  dark  crevices  of  rock  about  Point  Loma  and  Dead 
Man's  Island  in  southern  California. 

Its  eyes  are  represented  by  mere  rudiments,  their  loss  being 
evidently   associated  with   the  peculiar   habit   of   the   species. 


Fig.    591. — EiUcBniichthys  gillii  Jordan  &  Snyder.     Tokyo,  Japan. 

which  clings  to  the  under  side  of  stones  in  relative  darkness, 
though  in  very  shallow  water.  The  flesh  is  also  colorless,  the 
animal  appearing  pink  in  life. 

In  the  Japanese  species  Liiciogobns  guttatus,  common  under 
stones  and  along  the  coast,  the  spinous  dorsal,  weak  in  numer- 
ous other  species,  finally  vanishes  altogether.  Other  gobies 
are  band-shaped  or  eel-shaped,  the  dorsal  spines  being  continu- 
ous with  the  soft  rays.  Among  these  are  the  barreto  of  Cuba, 
Gobioides  broussoneti,  and  in  Japan  Tcenioides  lacepedei  and 
Trypaiichen  wakcc,  the  latter  species  remarkable  for  its  strong 
canines.  Fossil  gobies  are  practically  unknown.  A  few  frag- 
ments, otoliths,  and  partial  skeletons  in  southern  Europe  have 
been  referred  to  Gobius,  but  no  other  genus  is  represented. 
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The  family  of  Oxudercid(£  contains  9ne  species,  Oxuderces 
detUattis^  a  small  goby-like  fish  from  China.  It  is  an  elongate 
fish,  without  ventral  fins,  and  with  very  short  dorsal  and  anaL 

Suborder  Discocephali,  tiie  Shaik-6ockers:  Echeseididje. — Xext 
to  the  gobies,  for  want  of  a  better  place,  we  may  mention  the 
singular  group  of  Discocephali  (6i<rKos,  disk;  jtc^Aj/,  head). 
In  this  group  the  first  dorsal  fin  is  transformed  into  a  peculiar 
laminated  sucking-disk,  which  covers  the  whole  top  of  the  head 
and  the  nape.  In  other  respects  the  structure  does  not  diverge 
very  widely  from  the  percoid  type,  there  being  a  remarkable  re- 
semblance in  external  characters  to  the  Scombroid  genus  Rachy- 
centron.  But  the  skeleton  shows  no  special  afiSnity  to  Rachy^ 
centron  or  to  any  perciform  fish.     The  basis  of  the  cranium  is 


Fig.  592.— Sucldng-fish,  or  Pegador,  LepUeheneis  naucratet  (Lizmjeos). 

simple,  and  in  the  depression  of  the  head  with  associated  modi- 
fications the  Discocepliali  approach  the  gobies  and  blennies 
rather  than  the  mackerel-like  forms. 

The  Discocephali  comprise  the  single  family  of  shark-suckers 
or  remoras,  the  Exheneididco.  All  the  species  of  this  group 
are  pelagic  fishes,  widely  diffused  in  the  warm  seas.  All  cling 
by  their  cephalic  disks  to  sharks,  barracudas,  and  other  free- 
swimming  fishes,  and  are  carried  about  the  seas  by  these.  They 
do  not  harm  the  shark  except  by  sHghtly  impeding  its  move- 
ment. They  are  carnivorous  fishes,  feeding  on  sardines,  young 
herring,  and  the  like.  When  a  shark,  taken  on  the  hook,  is 
drawn  out  of  the  water  the  sucking-fish  leaves  it  instantly, 
and  is  capable  of  much  speed  in  swimming  on  its  own  account. 
These  fishes  are  all  dusky  in  color,  the  belly  as  dark  as  the  back, 
so  as  to  form  little  contrast  to  the  color  of  the  shark. 

The  commonest  species,  Leptecheneis  naucraies,  called  pega- 
pega  or  pegador  in  Cuba,  reaches  a  length  of  about  two  feet 
and  is  almost  cosmopolitan  in  its  range,  being  fotind  exclusively 
on  the  larger  sharks,   notably  on  Carcharias   lamia.     It  has 
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20  to  2  2  plates  in  its  disk,  and  the  sides  are  marked  by  a  dusky 
lateral  band. 

Almost  equally  widely  distributed  is  the  smaller  remora, 
or  shark-sucker  (Echeneis  remora),  with  a  stouter  body  and 
about  18  plates  in  the  cephalic  disk.  This  species  is  found 
in  Europe,  on  the  coast  of  New  York,  in  the  West  Indies, 
in  CaUfomia,  and  in  Japan,  but  is  nowhere  abundant.  Another 
widely  distributed  species  is  Remorina  albescens  with  13  plates 
in  its  disk.  Remoropsis  brachyptera,  with  15  plates  and  a  long 
soft  dorsal,  is  also  occasionally  taken.  Rhombochtrus  osteochir 
is  a  rare  species  of  the  Atlantic  -with  18  plates,  having  the  pec- 


FiQ.   G98.— AAoinbochtrua  osteochir  (Cuv.  &.  Val.).     Wood's  Hole, 


toral  rays  all  enlarged  and  stiff.  The  louse-fish  {Phtheirickikys 
Ihieatus)  is  a  small  and  slender  remora  having  but  10  plates 
in  its  disk.  It  is  found  attached,  not  to  sharks,  but  to  barra- 
cudas and  spearfishes. 

A  fossil  remora  is  described  from  the  Oligocene  shales  in 
Glarus,  Switzerland,  under  the  name  of  Opislhomyzon  ghironen- 
sis.  It  is  characterized  by  the  small  disk  posteriorly  inserted. 
Its  vertebra;  are  10+  13  =  24  only.  Dr.  Storms  gives  the  follow- 
ing account  of  this  species; 

"A  careful  comparison  of  the  proixirtion  of  all  the  parts 
of  the  skeleton  of  the  fossil  Echeneis  with  those  of  the  li\ing 
forms,  such  as  Echeneis  naticrates  or  Echeneis  remora.  shows 
that  the  fossil  differs  nearly  equally  from  both,  and  that  it  was 
a  more  nonnally  shaped  fish  than  either  of  these  forms.  The 
head  was  narrower  and  less  fiattened,  the  preoperculum  wider, 
but  its  two  jaws  had  nearly  the  same  length.  The  ril.>s,  as 
also  the  neural  and  h;emal  spines,  were  longer,  the  tail  more 
forked,  and  the  soft  dorsal  fin  much  longer.  In  fact  it  was 
a  more  compressed  type,  probably  a  far  better  swimmer  than 
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its  living  congeners,  as  might  be  expected  if  the  smaUness  of 
the  adhesive  disk  is  taken  into  account." 

Concerning  the  relations  of  the  Discocepliali  Dr.  Gill  has 
the  following  pertinent  remarks: 

"The  family  of  Scomberoides  was  constituted  by  CuNner  for 
certain  forms  of  known  organization,  among  which  were  fishes 
evidently  related  to  Caranx,  but  which  had  free  dorsal  spines. 
Dr.  Gunther  conceived  the  idea  of  disint^rating  this  family 
because,  inter  alias,  the  typical  Scoftiberoides  (family  Scombridw) 
have  more  than  24  vertebrae  and  others  (family  Carangid<E) 
had  just  24.  The  asstimption  of  Cu\ner  as  to  the  rekitionship  of 
Elacate  (Rachycentron)  was  repeated,  but  inasmuch  as  it  had  *  more 
than  24  vertebrae'  (it  had  25  =  12-1-13)  it  was  severed  from 
the  free-spined  Carangidcs  and  associated  \s\\h  the  Scombrid<£. 
Elacate  has  an  elongated  body,  flattened  head,  and  a  longi- 
tudinal kiteral  band;  therefore  Ecltefieis  was  considered  to  be 
next  allied  to  Elacate  and  to  belong  to  the  same  family.  The 
very  numerous  differences  in  structure  betw^een  the  two  were 
entirely  ignored,  and  the  reference  of  the  Ecliefieis  to  the  Scorn- 
hridcB  is  simply  due  to  assumption  piled  on  assumption.  The 
collocation  need  not,  therefore,  longer  detain  us.  The  posses- 
sion by  Echeneis  of  the  anterior  oval  cephalic  disk  in  place  of  a 
spinous  dorsal  fin  would  alone  necessitate  the  isolation  of  the 
genus  as  a  peculiar  family.  But  that  difference  is  associated 
with  almost  innumerable  other  peculiarities  of  the  skeleton 
and  other  parts,  and  in  a  logical  system  it  must  be  removed 
far  from  the  Scombridw,  and  probably  be  endowed  with  sub- 
ordinal  distinction.  In  all  essential  respects  it  departs  greatly 
from  the  type  of  structure  manifested  in  the  Scombridce  and 
rather  approximates — ^but  very  distantly — the  Gobioidca  and 
Blennioidea,  In  those  types  we  have  in  some  a  tendency  to 
flattening  of  the  head,  of  anterior  development  of  the  dorsal 
fin,  a  simple  basis  cranii,  etc.  Nevertheless  there  is  no  close 
affinity,  nor  even  tendency  to  the  extreme  modification  of  the 
spinous  dorsal  exhibited  by  Eclieiieis,  In  view  of  all  these  facts 
Echeneis,  with  its  subdivisions,  may  be  regarded  as  constitu- 
ting not  only  a  family  but  a  suborder.  .  .  .  Who  can  consistently 
object  to  the  proposition  to  segregate  the  Echencididcc  as  a  sub- 
order of   teleocephalous  fishes?      Not  those  who  consider  that 
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the  development  of  three  or  four  inarticulate  rays  (or  even  less) 
in  the  front  of  the  dorsal  fin  is  sufficient  to  ordinarily  differen- 
tiate a  given  form  from  another  with  only  one  or  two  such.  Cer- 
tainly the  difference  between  the  constituents  of  a  disk  and 
any  rays  or  spines  is  much  greater  than  the  mere  development 
or  atrophy  of  articulations.  Not  those  who  consider  that  the 
manner  of  depression  of  spines,  whether  directly  over  the  follow- 
ing, or  to  the  right  or  left  alternately,  are  of  cardinal  importance; 
for  such  ditTerences,  again,  are  manifestly  of  less  morphological 
significance  than  the  factors  of  a  suctorial  disk.  Nevertheless 
there  are  doubtless  many  who  will  passively  resist  the  propo- 
sition because  of  a  conservative  spirit,  and  who  will  vaguely 
refer  to  the  development  of  the  disk  as  being  a  '  teleological  modi- 
fication,' and  as  if  it  were  not  an  actual  fact  and  a  develop- 
ment correlated  with  radical  modifications  of  all  parts  of  the 
skeleton  at  least.  But  whatever  may  be  the  closest  relations 
of  Echeneis,  or  the  systematic  value  of  its  peculiarities,  it  is 
certain  that  it  is  not  allied  to  Elacate  any  more  than  to  hosts 
of  scombroid,  percoid,  and  kindred  fishes,  and  that  it  differs  in 
toto  from  it  notwithstanding  the  claims  that  have  been  made 
otherwise.  It  is  true  that  there  is  a  striking  resemblance,  espe- 
cially between  the  young— almost  as  great,  for  example,  as 
that  between  the  placental  mouse  and  the  marsupial  Atitechi- 
Komj's— but  the  likeness  is  entirely  superficial,  and  the  scientific 
ichthyologist  should  be  no  more  misled  than  would  be  the  scien- 
tific therologist  by  the  likeness  of  the  marsupial  and  placental 
mammals." 

Suborder  Teeniosomi,  the  Ribbon-fishes. — The  suborder  T(Eni- 
osomi  {jaivia,  ribbon;  trafia,  body),  or  ribbon-fishes,  is  made 
up  of  strange  inhabitants  of  the  open  seas,  perhaps  aberrant 
derivatives  of  the  mackerel  stock.  The  body  is  greatly  elongate, 
much  compressed,  extremely  fragile,  covered  with  shining 
silvery  skin.  The  ribbon-fishes  live  in  the  open  sea,  probably 
at  no  very  great  depth,  but  are  almost  never  taken  by  collectors 
except  when  thrown  on  shore  in  storms  or  when  attacked 
by  other  fishes  and  dragged  above  or  below  their  depth.  When 
fotmd  they  are  usually  reported  as  sea-serpents,  and  although 
perfectly  harmless,  they  are  usually  at  once  destroyed  by  their 
ignorant    captors.     The    whole    body    is    exceedingly    fragile; 
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the  bones  are  porous,  thin,  and  light,  containing  scafcely  any 
calcareous  matter.  In  the  Tcpmosomi  the  ventral  fins  are 
thoracic,  formed  of  one  or  a  few  soft  rays*  More  remarkable 
is  the  character  of  the  caudal  fin,  which  is  always  distorted 
and  usually  not  in  line  with  the  rest  of  the  body.  The  teeth 
are  small.  The  general  structure  is  not  very  different  from 
that  of  the  cutlass-fishes,  Trichinridcv,  and  other  degraded  off- 
shoots from  the  scombroid  group.  The  sjiecics  are  few  and, 
from  the  nature  of  things,  very  imperfectly  known.  Sc^arcely 
any  specimens  are  perfectly  preserved.  When  dried  the  body 
almost  disappears,  both  flesh  and  bones  lacing  composeft  chiefly 
of  water. 

The  Oarfishes:  Regalecid». —  The  I<cgalecid(F,  or  oarfishe«, 
have  the  caudal  fin  obsr)]cte  and  the  vcntrals  re<luced  to  long 
filaments,  thickened  at  the  tip.  The  species  reach  a  length 
of  twenty  or  thirty  feet,  and  from  their  great  siz/e,  slender  f^xrms, 
and  sinuous  motion  have  l)ecn  alm^)st  everywhere  regarde^l 
as  sea-serpents.  The  very  long  anterior  spines  of  the  dorsal 
fin  are  tipped  with  rer],  and  the  fish  is  often  and  not  untruth- 
fully described  as  a  sea-serpent  "having  a  horse's  head  with 
a  flaming  red  mane." 

The  great  oarfish,  Regalecus  f;lesne  (see  Pig.  113),  was  long 
known  to  the  common  people  of  NV>rway  as  king  of  the  herrings, 
it  being  thought  that  to  harm  it  would  t>e  U>  drive  the  herring 
to  some  other  coast.  The  name  "king  of  the  herrings"  went 
into  science  as  Regalecus,  from  rex,  king,  and  hake,  herring. 
The  Japanese  fancy,  which  runs  in  a  different  line,  calls  the 
creature  "  Dugunonuatatori,"  which  means  the  **cock  of  the 
palace  under  the  sea." 

The  Atlantic  oarfish  is  namerl  Re^alectia  glesn^,  from  the 
Norwegian  farm  of  Glesnaes,  where  the  first  recorded  specimen, 
described  by  Ascanius,  was  taken  130  ye^^rs  ago.  5>ince  then 
the  species  has  been  many  times  found  on  the  shores  of  fVreat 
Britain  and  Norway,  and  once  at  Bermuda,  nnd  also  twice  in 
Florida. 

In  this  species  the  body  is  half-transparent,  nlmost  jelly-like, 
light  blue  in  color,  with  some  darker  cross-stripe'?,  and  the 
head  has  a  long  jaw  and  a  hiG:h  forehead.  sup:^e5^ting  the  head 
of  a  horse.     The  dorsal  fin  begins  on  the  head,  and  the  first 
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few  spines  are  very  long,  each  having  a  red  tuft  on  the  end. 
When  the  animal  is  alive  these  spines  stand  up  like  a  red 
mane. 

The  creature  is  harmless,  weak  in  muscle  as  well  as  feeble 
in  mind.  It  lives  in  the  deep  seas,  all  over  the  world.  After 
great  storms  it  sometimes  comes  ashore.  Perhaps  this  is 
because  for  some  reason  it  has  risen  above  its  depth  and  so 
lost  control  of  itself.  When  a  deep-water  fish  rises  to  the  surface 
the  change  of  pressure  greatly  affects  it.  Reduction  of  pressure 
bursts  its  blood-vessels,  its  swim-bladder  swells,  if  it  has  one, 
and  turns  its  stomach  inside  out.  If  a  deep-water  fish  gets 
above  its  depth  it  is  lost,  just  as  stirely  as  a  surface  fish  is  when 
it  gets  sunk  to  the  depth  of  half  a  mile. 

Sometimes,  again,  these  deep-sea  fishes  rush  to  the  shore 
to  escape  from  parasites,  crustaceans  that  torture  their  soft 
flesh,  or  sharks  that  would  tear  it. 

Numerous  specimens  have  been  found  in  the  Pacific,  and 
to  these  several  names  have  been  given,  but  the  species  are 
not  at  all  clearly  made  out.  The  oldest  name  is  that  of  Regalecus 
russellt,  for  the  naturalist  Patrick  Russell,  who  took  a  specimen 
at  Vizagapatam  in  1788.  I  have  seen  two  large  examples  of 
Regalecus  in  the  museum  at  Tokio,  and  several  yotmg  ones 
have  recently  been  stranded  on  the  Island  of  Santa  Catalina 
in  southern  California.  A  specimen  twenty-two  feet  long  lately 
came  ashore  at  Newport  in  Orange  County,  California.  The 
story  of  its  capture  is  thus  told  by  Mr.  Horatio  J.  Forgy,  of 
Santa  Ana,  California: 

"On  the  2 2d  of  February,  1901,  a  Mexican  Indian  reported 
at  Newport  Beach  that  about  one  mile  up  the  coast  he  had 
landed  a  sea-serpent,  and  as  proof  showed  four  tentacles  and 
a  strip  of  flesh  about  six  feet  long.  A  crowd  went  up  to  see 
it,  and  they  said  it  was  about  twenty  feet  long  and  like  a  fish 
in  some  respects  and  like  a  snake  in  others.  Mr.  Remsberg 
and  I,  on  the  following  day,  went  up  to  see  it,  and  in  a  short 
time  we  gathered  a  crowd  and  with  the  assistance  of  Mr.  Pea- 
body  prepared  the  fish  and  took  the  picture  you  have  received. 

**It  measured  twenty-one  feet  and  some  inches  in  length, 
and  weighed  about  500  or  600  pounds. 

**The  Indian,  when  he  reported  his  discoveiy,  said  it  was 
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alive  and  in  the  shallow  water,  and  that  he  had  landed  it  himself. 

"This  I  very  much  doubt,  but  when  it  was  first  landed  it 
was  in  a  fine  state  of  preservation  and  could  have  easily  been 
shipped  to  you,  but  he  had  cut  it  to  such  an  extent  that  ship- 
ment or  preservation  seemed  out  of  the  question  when  we  first 
saw  it. 

'*At  the  time  it  came  ashore  an  unusual  number  of  peculiar 
fishes  and  sharks  were  found.  Among  others,  I  found  a  small 
oarfish  about  three  feet  long  in  a  bad  state  of  preservation  in 
a  piece  of  kelp.  One  side  of  it  was  nearly  torn  of!  and  the 
other  side  was  decayed." 

Mr.  C.  F.  Holder  gives  this  account  of  the  capture  of  oar- 
fishes  in  southern  California: 

**From  a  zoological  point  of  view  the  island  of  Santa  Cata- 
lina,  which  lies  eighteen  miles  off  the  coast  of  Los  Angeles 
County,  southern  California,  is  very  interesting,  many  rare 
animals  being  fotmd  there.  Every  winter  the  dwellers  of 
the  island  find  numbers  of  argonaut-shells,  and  several  living 
specimens  hav^  been  secured,  one  for  a  time  living  in  the  aqua- 
rium which  is  maintained  here  for  the  benefit  of  students  and 
the  entertamment  of  visitors.  A  number  of  rare  and  interest- 
ing fishes  wander  inshore  from  time  to  time.  Several  years 
ago  I  found  various  Scopeloid  fishes,  which  up  to  that  time 
had  been  considered  rare,  and  during  the  past  few  years  I  have 
seen  one  oarfish  {Regalecus  russelli)  alive,  while  another  was 
brought  to  me  dead.  From  reports  I  judge  that  a  number  of 
these  very  rare  fishes  have  been  observ^ed  here.  The  first  was 
of  small  size,  not  over  two  feet  in  length,  and  was  discovered 
swimming  in  shallow  water  along  the  beach  of  Avalon  Bay. 
I  had  an  opportunity  to  obser\'e  the  radiant  creature  before 
it  died.  Its  'topknot' — it  can  be  compared  to  nothing  else — 
was  a  vivid  red  or  scarlet  mass  of  seeming  plumes — the  dorsal 
fins,  which  merged  into  a  long  dorsal  fin,  extending  to  the  tail. 
The  color  of  the  body  was  a  brilliant  silver  sheen  splashed  with 
equally  vivid  black  zebra-like  stripes,  which  gave  the  fish  a 
most  striking  appearance. 

'*  The  fish  was  a  fragile  and  delicate  creature,  a  very  ghost 
of  a  fish,  which  swam  along  where  the  water  gently  lapped 
the  sands  with  an  undulatory  motion,  looking  like  one  of  it» 
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names — ^the  ribbon-fish.  The  fortunate  finder  of  this  specimen 
could  not  be  persuaded  to  give  it  up  or  sell  it,  and  it  was  its 
fate  to  be  pasted  upon  a  piece  of  board,  dried  in  the  sun  as  a 
*  curio,'  where,  as  if  in  retaliation  at  the  desecration  of  so  rare 
a  specimen,  it  soon  disappeared. 

**This  apparently  was  the  first  oarfish  ever  seen  in  the  United 
States,  so  at  least  Dr.  G.  Brown  Goode  wrote  me  at  the  time 
that  it  had  not  been  reported.  In  1899  another  oarfish  was 
brought  to  me,  evidently  having  been  washed  in  after  a  storm 
and  foimd  within  a  few  yards  of  the  former  at  Avalon.  The 
discoverer  of  this  specimen  also  refused  to  allow  it  to  be  properly 
preserved,  or  to  donate  or  sell  it  to  any  one  who  would  have 
sent  it  to  some  museum,  but,  believing  it  valuable  as  a  *  curio,* 
also  impaled  it,  the  delicate  creature  evaporating  imder  the 
strong  heat  of  the  semi  tropic  sun. 

**This,  as  stated,  was  the  second  fish  discovered,  and  during 
the  past  winter  (1900)  a  fine  large  specimen  came  in  at  New- 
port Beach,  being  reported  by  H.  J.  Forgy,  of  Santa  Ana.  The 
newspapers  annoimced  that  a  Mexican  had  fotmd  a  yoimg  sea- 
serpent  at  Newport,  and  investigation  showed  that,  as  in  him- 
dreds  of  similar  instances,  the  man  had  fotind  a  valuable  prize 
without  being  aware  of  it.  According  to  the  account,  the 
discoverer  first  saw  the  fish  alive  in  the  surf  and  hauled  it 
ashore.  Being  ignorant  of  its  value,  he  cut  it  up,  bringing  in 
a  part  of  the  scarlet  fins  and  a  slice  of  the  flesh.  This  he  showed 
to  some  men,  and  led  the  way  to  where  lay  the  mutilated  remains 
of  one  of  the  finest  oar-  or  ribl)on -fishes  ever  seen.  The  speci- 
men was  twenty-one  feet  in  length,  and  its  weight  estimated 
at  five  hundred  pounds.  The  finder  had  so  mutilated  it  that 
the  fish  was  ruined  for  almost  any  purpose.  If  he  had  packed 
it  in  salt,  the  specimen  would  have  returned  him  the  equivalent 
of  several  months'  labor,  .\pparently  the  man  had  cut  it  up 
in  wanton  amusement. 

'*This  recalls  a  similar  incident.  I  was  on  one  occasion 
excavating  at  San  Clemente  Island,  and  had  remarked  that 
it  was  a  singular  fact  that  all  the  fine  stone  ollas  were  broken. 
'Nothing  strange  about  that,'  said  a  half-breed,  one  of  the 
party.  *I  used  to  herd  sheep  here,  and  we  smashed  mortars 
and  ollas  to  pass  away  time."' 
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The  Dealfishes:  TrachypteridA.  —  The  family  of  Trachylptmth 
comprises  the  dealfishes,  creatures  of  fantuitic  form  and  uilvery 
coloration,  smaller  than  the  oarfishcs  and  more  cr>mmon,  liut  of 
similar  habit. 

Jiist  as  in  Norway  the  fantastic  oarfish  wa»  believed  Ut  bo 
the  king  of  the  herrings  and  cherisherl  aft  »uch,  m  among  the 
Indians  of  Puget  Sotmd  another  freak  fi»h  i»  held  nacred  un  tJie 
king  of  the  salmon.  The  people  about  Cape  Flattery  believe 
that  if  one  does  any  harm  to  this  fish  the  nalnvm  will  at  tnutti 
leave  the  shores.  This  fable  led  the  naturali«t»  wlio  fir»t  di«a^v- 
ered  this  fish  to  give  it  its  name  of  Trachypteru9  fex-salmofU)rum» 

In  Europe  a  similar  species  (Trachypteru^*  atlanticua)  ha# 
long  been  known  by  the  name  of  clealfish,  (^  v^^jmar,  nieitber 
of  these  names  having  any  evident  j/r^^^riety. 

The  dealfish  is  one  of  the  m^>st  singular  of  all  th^  «trang^ 
creatures  of  the  sea.  It  reaches  a  length  of  three  ^jf  Va^t  fieei. 
Its  body  is  thin  as  a  knife  and  w^/uld  t>e  trani$j>arent  w<rre  it 
not  covered  ov^er  with  a  shining  white  i^gm<rrit  wliir;b  gjve$  V; 
the  animal  the  luster  of  bumiiihe<3  silver.  (Hi  thh  wWte  i5>uirfa/>j 
is  a  large  black  blotch  <jt  tw<^,  but  rifj  ^Aher  </jVjrib,  The  }iea4 
k  something  like  that  of  the  oarfiish,  V>  which  animal  the  4«3lI- 
fish  bears  a  close  relati^yn^hip,  I>Ah  have  «riaJ3  twith  ai34 
neither  could  bite  if  it  w</uld,  and  rieit}>er  want*  V^,  1<^  th^ 
are  creatures  of  the  most  in</fienwve  v/rt,  ^>n  the  bead  ^/  tj^e 
dealfffih,  where  the  oarfibh  hat>  it^  mane,  i«  a  lon^,  ^jr^s^dim^'^lk^ 
fim-  At  the  end  of  the  tail,  infci>ea4  ^>f  the  <^dinary  «mda3  fin, 
tf  a  long,  s&n  fin  which  j^r^-msci^  dirwtJy  upwax4b  at  ri^it 
angles  to  the  dirtsctdon  of  the  l./ack-V/ne.  Ko  ^Aifcer  fi^  $iK/wt 
iSais  straxige  jiecuJiarity. 

The  decJfish  swimt  in  the  ^4ien  «ja  cV/se  t/>  tJie  ^f\xri<^'JK  'A 
t3be  water.  It  does  ii^»t  *'^^«:r,  o^rr^e  tiear  tih^^e,  ^/ut  it  it  v^<;a^ 
Bio!na!}Y  luown  <c2  trie  "'.j^^ki.  ^^jy  ^/rmt.  Ttachypi4^iii:  f^-^ 
5aiin(?»CTiiJu  ha«  1>tJWJ  r*:^:ffrr»,*/:  two  <^  tixr^  tirneti  froBc  j^yg^t^*, 
Sotmd  arid  twit;e  fcxur:  ^^Ml'/rrrifc.  'J*}-!*:  liriebt  ^^nju*^i  liiivwi:, 
12»  one  froES  wiricb  vrr  f i^ur*:  it  tciefi .  v^at  i^.-urec  off  fue  >'ar<il' 
lances  iii  ji^j  ^'  a  fisiie^riar,  Tiarried  W.  ^^  ICii^^x.  anc  Vy  iini. 
fieaot  tc-  Suai^jrc  Vni^'erbr^y.  'J'lii:  b-^/kfj*^.  it  ^;>^e^r.  ii.  <.!-  ivt 
jftrrtE.  a  c-oixdivioi:    rare    vrt'i.    t?ieb<r  fraijii*:   <!reii^^tre^ .  ^iiiC   rx 
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Four  of  these  fishes  have  been  obtained  on  the  coast  of  Japan, 
and  have  been  described  and  figured  by  the  present  writer  in 
the  annals  of  the  Imperial  University  of  Tokyo.  These  are 
different  from  the  California  species  and  are  named  Trachypterus 
ishikaivcc,  but  they  show  the  same  bright  silver  color  and  the  same 
streamers  on  the  head  and  tail.  Probably  they,  too,  in  Japan 
are  kings  of  something  or  other,  or  perhaps  silver  swans  from 
the  submarine  palace,  for  along  such  lines  the  Japanese  fancy 
is  more  likely  to  nm. 

The  young  of  the  dealfish  has  the  caudal  symmetrical,  and 
the  dorsal  spines  and  ventral  rays  produced  in  very  long 
streamers. 

According  to  Goode  and  Bean,  the  dealfishes  are  **  true  deep- 
sea  fishes,  which  live  at  very  great  depths,  and  are  only  found 
when  floating  dead  on  th3  surface  or  washed  ashore  by  the 
waves.  Almost  nothing  is  known  of  their  habits  except  through 
Nilsson*s  observations  in  the  far  north.  This  naturalist,  as  well 
as  Olafson,  appears  to  have  had  the  opportunity  of  observing 
them  in  life.  They  say  that  they  approach  the  shore  at  flood- 
tide  on  sandy,  shelving  bottoms,  and  are  often  left  by  the 
retreating  waves.  Nilsson's  opinion  is  that  its  habits  resemble 
those  of  the  flatfishes,  and  that  they  move  with  one  side  turned 
obliquely  upward,  the  other  toward  the  groimd;  and  he  says 
that  they  have  been  seen  on  the  bottom  in  two  or  three  fathoms 
of  water,  where  the  fishermen  hook  them  up  with  the  imple- 
ments employed  to  raise  dead  seals,  and  that  they  are  slow 
swimmers.  This  is  not  necessarily  the  case,  however,  for  the 
removal  of  pressure  and  the  rough  treatment  by  which  they 
w-ere  probably  washed  ashore  woixld  be  demoralizing,  to  say  the 
least.  Tvichiurns,  a  fish  similar  in  form,  is  a  very  strong,  swift 
s\^Timmer,  and  so  is  Regalems.  Whether  or  not  the  habits  of 
Trachypterus  arcticus,  on  which  these  observations  were  made, 
are  a  safe  guide  in  regard  to  the  other  forms  is  a  matter  of 
some  doubt,  but  it  is  certain  that  they  live  far  from  the  surface, 
except  near  the  arctic  circle,  and  that  they  only  come  ashore 
accidentally.  They  have  never  been  taken  by  the  deep-sea 
dredge  or  trawl-net,  and  indeed  perfect  specimens  are  very 
rare,  the  bodies  being  very  soft  and  brittle,  the  bones  and  fin- 
rays  exceedingly  fragile.     A  considerable  number  of  species  have 
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been  described,  but  in  most  instances  each  was  based  on  one 
or  two  specimens.  It  is  probable  that  future  studies  may  be 
as  fruitful  as  that  of  Emen-,  who.  by  means  of  a  series  of  t¥,-enty- 
three  specimens,  succeeded  in  uniting  at  least  three  of  the 
Mediterranean  species  which  for  half  a  centiuy  or  more  had 
been  regarded  as  distinct.  The  common  species  of  the  eastern 
Atlantic,  Tmchyplerus  ailanticus,  is  not  rare,  one  or  more  speci- 
mens, according  to  Gunther.  being  secured  along  the  coast  of 
northern  Europe  after  almost  every  severe  gale.  We  desire  to 
quote  the  recommendation  of  Dr.  Gunther,  and  to  strongly 
urge  upon  any  one  who  may  be  so  fortunate  as  to  secure  one 
of  these  fishes  that  no  attempt  should  be  made  to  keep  it  entire, 
but  that  it  should  be  cut  into  short  lengths  and  preserved  in 
the  strongest  spirits,  each  piece  wrapped  separately  in  muslin," 

The  family  of  Stylephoridtr  is  known  from  a  single  specimen 
of  the  species,  Stylephorus  chordatus,  taken  off  Cuba  in  1 790. 
In  this  form  the  tail  ends  in  a  long,  whip-like  appendage,  twice 
as  long  as  the  head. 

No  fossil  dealfishes  or  oarfishes  are  known. 


CHAPTER  XLII 
SUBORDER   HETEROSOMATA 

[E  Flatfishes. — Perhaps  the  most  remarkable  offshoot 
from  the  order  of  spiny-rayed  fishes  is  the  great  group 
of  floimders  and  soles,  called  by  Bonaparte  Heterosomata 
{erepos,  differing;  a<2^a,  body).  The  essential  character  of  this 
group  is  foimd  in  the  twisting  of  the  anterior  part  of  the  cra- 
nium, an  arrangement  which  brings  both  eyes  on  the  same  side 
of  the  head.  This  is  accompanied  by  a  great  compression  of  the 
body,  as  a  result  of  which  the  floimders  swim  horizontally  or 
lie  flat  on  the  sand.  On  the  side  which  is  uppermost  both  eyes 
are  placed,  this  side  being  colored,  brown  or  gray  or  mottled. 
The  lower  side  is  usually  plain  white.  In  certain  genera  the  right 
side  is  uppermost,  in  others  the  left.  In  a  very  few,  confined 
to  the  coast  of  California,  the  eyes  are  on  the  right  or  left  side 
indifferently. 

The  process  of  the  twisting  of  the  head  has  been  already 
described  (see  p.  75).  The  very  yotmg  have  the  body  trans- 
lucent and  symmetrical,  standing  upright  in  the  water.  Soon 
the  tendency  to  rest  on  the  bottom  sets  in,  the  body  leans  to 
left  or  right,  and  the  lower  eye  gradually  traverses  the  front 
of  the  head  to  the  other  side.  This  movement  is  best  seen  in 
the  species  of  Platophrys,  in  which  the  final  arrangement  of  the 
eyes  is  a  highly  specialized  one. 

In  some  or  all  of  the  soles  it  is  perhaps  true  that  the  eye 

turns  over  and  pierces  the  craniimi  instead  of  passing  across 

it.     This  opinion  needs  verification,  and  the  process  should  be 

studied  in  detail  in  as  many  species  as  possible.     The  present 

writer  has  seen  it  in  species  of  Platophrys  only,  the  same  genus 

in  which  it  was  carefully  studied  by  Dr.  Carlo  F.   Emery  of 

Bologna.     In  the  halibut,  and  in  the  more  primitive  flounders 
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generally,  the  process  takes  place  at  an  earlier  stage  than  in 
Platofhrys. 

Optic  Herres  of  Flounden. — In  the  Bulletin  of  the  Museum  of 
Qnnparative  Zoology  (Vol.  XL,  No.  5)  Professor  George  H. 
Parker  discusses  the  relations  of  the  optic  nerves  in  the  group 
of  flounders  or  flatfishes. 

In  the  bony  fishes  the  optic  nerves  pass  to  the  optic  lobes 
of  the  brain,  tiie  one  passing  to  the  lobes  of  the  opposite  side 
simply  lying  over  the  other,  without  interminglii^  of  fibers, 
such  as  takes  place  in  the  higher  vertebrates  and  in  the  more 
primitive  fishes. 

According  to  Parker's  observations,  in  ordinary  bony  fishes 
the  right  nerve  may  be  indifferently  above  or  below  the  other. 
In  1000  specimens  of  ten  common  species,  486  have  the  left 
nerve  uppermost  and  514  the  right  nerve.  In  most  individual 
species  the  numbers  are  practically  equal.  Thus,  in  the  had- 
dock, 48  have  the  left  nerve  uppermost  and  52  the  right  nerve. 

In  the  tuisymmetrical  teleosts  or  flounders,  and  soles,  this 
condition  no  longer  obtains.  In  those  species  of  flounder  with 
the  eyes  on  the  right  side  236  individuals,  representing  sixteen 
species,  had  the  left  nerve  uppermost  in  all  cases. 

Of  flounders  with  the  eyes  on  the  left  side,  131  individuals, 
representing  nine  species,  all  have  the  right  nerve  uppermost. 

There  are  a  few  species  of  flounders  in  which  reversed 
examples  are  so  common  that  the  species  may  be  described 

as  having  the  eyes  on  the  right 
or  left  side  indifferently.  In  all 
these  species,  however,  whether 
Fig.    595  —  Young    Flounder,    just  dextral  or  sinistral,  the  relation 

liatched,    with    symmetrical    eyes,    ^c    ^i       netwe^    conform<;    to    the 

(After  S.  R.  Williams.)  ^^    ^"^  "^^  ^^   coniorms   xo   me 

type    and    is   not   influenced  by 

the  individual  deviation.      Thus  the  starry  flounder   {Platich- 

ihys)  belongs  to  the  dextral  group.      In  50  normal  specimens, 

the  eyes  on  the   right  have   the   left   nerve  dorsal,  while   the 

left  nerve  is  also  uppermost  in  50  reversed  examples  with  eyes 

on  the  left.     In  15  examples  of  the  California  bastard  halibut 

(Paralichthys  calif ornictis),  normally  sinistral,  the   right  eye   is 

always  uppermost.     It  is  uppermost  in  1 1  reversed  examples. 

Among    the   soles    this   uniformity   or   monomorphism  no 
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longer  obtains.  In  49  individuals  of  four  specicB  of  dextral 
soles,  the  left  nerve  is  uppennost  in  34,  the  right  nerve  In  25. 
Among  sinistral  soles,  or  tonguefishcs,  in  18  individuals  of  two 
species,  the  left  nerve  is  uppermost  in  13,  the  right  ncrvo  in  <;■ 

Professor  Parker  concludes  frnm  this  evidence  that  soles 
are  not  degenerate  flounders,  hut  rather  descended  from  primi- 
tive flounders  which  still  retain  tlie  dimorphic  conditinn  hb 
to  the  position  of  the  optic  nerves,  a  conditinn  prevalent  in 
all  bony  fishes  except  tlie  flounders. 

The  lack  of  symmetry  among  the  flounders  liefl,  therefore, 
deeper  than  the  matter  of  the  migration  of  the  eye.  The  asym- 
metry of  the  mouth  is  an  independent  trait,  hut.  like  the  migra- 
tion of  the  eye,  is  an  adaptation  to  swimming  on  the  side.  Each 
of  the  various  traits  of  asymmetry  may  ajipcar  independently  of 
the  others. 

The  development  of  the  monfimorphie  arrangement  in 
flounders  Professor  Parker  thinks  can  he  accented  for  by  the 


principle  of  natural  selection.  In  a  side-swimming  fish  the 
fixity  of  this  trait  has  a  mechanical  arlvantage.  The  unmeta- 
morphosed  young  of  the  flounder  are  not  strictly  symmetrical, 
for  they  possess  the  monomorphic  position  of  the  i'>ptic  nerve. 
The  reversed  examples  of  various  species  nf  flfiunflers  fthese. 
by  the  way,  chiefly  confined  to  the  CuMUimia.  fauna)  aff''>rd 
"striking  examples  of  discontinuous  variation." 

A  very  curious  feature  am^mg  the  flounders  is  the  possession 
in  nine  of  the  Cahfomia-Alaskan  species  of  an  access^iry  half- 
lateral  line.  This  is  found  in  two  different  groups,  while  near 
relatives  in  other  waters  lack  the  character.  (')ne  species  in 
Japan  has  this  trait,  which  is  not  found  in  any  Atlantic  species. 
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or  in  any  other  flounders  outside  the  faima  of  northern  Cali- 
fornia, Oregon,  and  Alaska. 

Ancestry  of  Flounders.  —  The  ancestry  of  the  flounders  is 
wholly  uncertain.  Because,  like  the  codfishes,  the  flounders 
lack  all  fin-spines,  they  have  been  placed  by  some  authors  after 
the  Atiacanthini,  or  codfishes,  and  a  common  descent  has  been 
assumed.  Some  writers  declare  that  the  floimder  is  only  a 
codfish  with  distorted  cranium. 

A  little  study  of  the  osteology  of  the  flounder  shows  that 
this   supposition   is  without   foundation.     The   flounders  have 


Fiis.  D9T  und 


thoracic  ventrals,  not  jup^ilar  as  in  the  end.  The  tail  is  homo- 
cerccil,  ending  in  a  larj^e  hy]iural  plate,  never  isoccrcal,  except 
in  degraded  soles,  in  which  it  is  rather  lc]>toccrc;il.  The  shoulder- 
girdle,  with  its  perfonitc  hypercoracoid,  has  the  normal  perch- 
like  form.  The  ventral  fins  have  a!)out  six  rays,  as  in  the  perch, 
although  the  first  ray  is  never  spinous.  Pscudnbranchije  are 
developed,  these  structures  being  obsolete  in  the  codfishes.  The 
gills  and  pharyngeals  are  essentially  as  in  the  perch. 

It  is  fairly  certain  that  the  Hctcrosomata  have  diverged  from 
the  early  spiny-rayed  forms,  Zcoidci,  Bcrycoidei,  or  Scombroidei 
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of  the  Jurassic  or  Cretaceous,  and  that  their  origin  is  prior  to 
the  development  of  the  great  perch  stock. 

If  cme  were  to  guess  at  the  nearest  relationships  of  the  group, 
it  would  be  to  regard  them  as  allies  of  the  deep-bodied  mackerel- 
like forms,  as  the  StromateidtF,  or  perhaps  with  extinct  Berycoid 
forms,  as  Platycormtis,  having  the  ventral  fins  wider  than  in  the 
mackerel.  Still  more  plausible  is  the  recent  suggestion  of  Dr. 
Boulenger  that  the  extinct  genus  -4  mphistium  resembles  the  primi- 
tive flounder.  But  there  is  Uttle  direct  proof  of  such  relation, 
and  the  resemblance  of  larval  flounders  to  the  ribbon-fishes  may 
have  equal  significance.  But  the  ribbon-fishes  themselves  may 
be  d^enerate  Scombroids.     In  any  case  both  ribbon-fishes  and 


flounders  find  their  nearest  living  relatives  among  the  Bery- 
coidei  or  Zeoidei,  and  have  no  affinity  whatever  with  the 
isocercal  codfish  or  with  other  members  of  the  group  called 
Anacantiiini. 

The  Heterosomata  are  found  in  all  seas,  always  close  to  the 
bottom  and  swimming  ■with  a  swift,  undulatory  motion.  They 
are  usually  placed  in  a  single  family,  but  the  degraded  types 
known  as  soles  may  be  regarded  as  forming  a  second  family. 

The  Flounden:  Pleuronectid«. — In  the  floimders.  or  Pleuronec- 
tides,  the  membrane-bones  of  the  head  are  distinct,  the  eyes  large 
and  well  separated,  the  mouth  not  greatly  contracted,  and  the  jaws 


696 


Saborder  Hctcrosomata 


always  provided  with  teeth.  Among  the  500  species  of  flounders 
is  found  the  greatest  ^-ariation  in  size,  ranging  in  weight  from 
ian  ounce  to  500  pounds.  The  species  found  in  arctic  regions 
are  most  degenerate  and  these  have  the  largest  number  of  \-er- 
tebne  and  of  fin-rays.  The  halibut  has  50  vertebne  {16  +34), 
the  craig-flounder  58,  while  in  Eiropus  and  other  tropical  forms 
the  number  is  but  34  (10+24).  The  common  flounders  of 
intermediate  geographical  range  (Paralichlkys  dentatus.  etc.)  show 
intenuediate  numbers  as  40  (10  +30J. 


Fio.  600.  Fin.  601. 

Fia.   600. — HeUrocercal  tail  of  voung  Trout,  Salmo  lario  Limiirua.      (After  Parker 

&  HaBwell.) 
Flo.  iOl  — Homocereal  tail  of  a  Flounder,  Paralichtkya  califomicut. 

It  is,  perhaps,  related  to  the  greater  pressure  of  natural  selection 
in  the  tropics,  showing  itself  in  the  better  differentiation  of  the 
bones  and  consequently  smaller  number  of  the  vertebrae. 

Fossil  floimders  are  very  few  and  give  no  clue  as  to  the  origin 
of  the  group.  In  the  Eocene  and  Miocene  are  remains  which 
have  been  referred  to  Bothus  (Rhombus).  Boilms  minimus  is 
the  oldest  species  known,  described  by  Agassiz  from  the  Eocene 
of  Monte  Bolca.  In  the  Miocene  are  numerous  other  species  of 
Bothus.  as  also  tubercles  referable  to  Scophthalmus. 

On  the  testimony  of  fossils  alone  the  genus  Bothus,  or  one 
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of  its  allies,  would  be  the  most  primitive  of  the  group.  If  it  be 
BO,  the  simpler  structure  of  the  halibut  and  its  relatives  is  due 
to  degeneration,  which  is  probable,  although  their  structure  has 
the  suggestion  of  primitive  simplicity,  especially  in  the  greater 
approach  to  symmetry  in  the  head  and  the  symmetry  in  the 
insertion  of  the  ventral  fins. 

Soles  have  been  fotind  in  the  later  Tertiary  rr^cks.     Snlea 
kirchbergiana  of  the  Miocene  is  not  very  flifferent  from  species 


Pro.    803 — Window-pftnp,   fyiptutpwitn   miwiJata.     Vir^nia, 

now  extant  in  southern  Europe,  >!o  remains  referable  to 
allies  of  the  halibut  or  plaice  are  founfl  in  Tertiary  rocks,  and 
these  relatively  simple  types  must  be  regarrled  as  of  recent  origin. 

The  Turbot  Tribe:  Bothins.-  Theturbot  tribe  have  the  mouth 
lai^e,  the  eyes  and  color  on  the  left  side,  and  the  ventral 
fins  unlike,  that  of  the  left  side  being  extended  along  the  ridge 
of  the  abdomen.  The  species  are  found  in  the  warm  seas  only. 
They  are  deeper  in  body  than  the  halibut  and  plaice,  and  some 
of  them  are  the  smallest  of  all  flounders.  It  is  probable  that 
these  approach  most  nearly  of  existing  flounders  to  the  original 
ancestors  of  the  group. 

Perhaps  the  most  primitive  genus  is  Bothtis,  species  of 
which    genus   are   found    in    Italian    Miocene.     The    European 
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brill,  Botkus  rlwmbu-s,  is  a  common    fish  of  southern  Europe, 
deep-bodied  and  covered  with  smooth  scales. 

Very  similar  but  much  smaller  in  size  is  the  half  translu- 
cent speckled  flounder  of  our  Atlantic  coast  {Loplwpsetta  tnacit- 
lata),  popularly  known  as  window-pane.  This  species  is  too 
small  to  have  much  value  as  food.  Another  species,  similar 
to  the  brill  in  technical  characters  but  very  different  in  appear- 
ance, is  the  turbot,  Scophihalmiis  maximus,  of  Europe.  This 
large  flounder  has  a  verj'  broad  body,  scaleless  but  covered 
with  warty  tubercles.  It  reaches  a  weight  of  seventy  pounds  and 
has  a  high  value  as  a  food-fish.  There  is  but  one  species  of  tur- 
bot and  it  is  found  in  Europe  only,  on  sandy  bottoms  from 


Vta.  M8. — Wide-ejred  floUDder,  S]faeivm  papiOotun  liiuueiut. 


Norway  to  Italy.  In  a  turbot  of  twenty-three  pounds  weight 
Buckland  found  a  roe  of  five  pounds  nine  ounces,  with  14,311,260 
eggs.  The  young  retains  its  symmetrical  condition  for  a  relatively 
long  period.  No  true  turbot  is  found  in  America  and  none  in 
the  Pacific,  Other  European  flounders  allied  to  the  turbot  and 
brill  are  Zeugopterus  puiiclatus;  the  European  whiff,  Lepido- 
rhombus  vhiff-jagonis;  the  topknot,  Plirynorhombus  regtus;  the 
lantem-fJounder,  Arnoglossus  laterna,  and  the  tongue-fish,  Eaci- 
tharus  hnguahda,  the  last  two  of  small  size  and  feeble  fiesh. 

In  the  wide-eyed  or  peacock  flounders,  Platophrys  podas  in 
Europe,  Platophrys  lunatus,  etc.,  in  America,  Platophrys  mancus 
in  Polynesia,  the  eyes  in  the  old  males  are  very  tar  apart, 
and  the  changes  due  to  age  and  sex  are  greater  than  in  any 
other  genera.  The  species  of  this  group  are  highly  variegated 
and  lie  on  the   sand  m  the   tropical   seas.     Numerous  small 
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E  nTliffrf  to  rhp^t*  aboiUML  in  ■^ius  T'ar  [nziies,  Icoown  in  t 
;y^—^'  way  35  Tgtrttfc  T!it:  3iosr  vnieii'  ■  tiatnfamfctt  il  •iieae 
SB  Citbanchthys  smioftgr-is  it  -tic  T'sr  UTfiifis,  1 'ilkayrcntiivx 
^Uxnri  and  .iiioia  Tfouanensi^  jt  Jiniima.  <)rTiU)r^Bai  .omuij. 
■ir  iluiiomia.  ami  ri^necsilv  iie  riimnun  snaXi-fTajwAsaLilimmu 
jTvascsus  ioand  diroughuur  Tnnicai  .irni-nca.  hanemni  irtcer 
^nera  md  species  jf  ttie  rurrjiit  :r:ii*:  an.  ronnd  iii  -faa  fla»ES 
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srncnire. 
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of  no  great  depth,  and  in  very  many  localities  it  exists  in  great 
abxmdance,  reaching  a  length  of  6  to  8  feet  and  a  weight  of  600 
pounds.  It  sometimes  ranges  well  out  to  sea  and  enters  deeper 
waters  than  the  cod.  The  flesh  is  firm,  white,  and  of  good 
quality,  although  none  of  the  flatfishes  have  much  flavor,  the 
muscles  being  mostly  destitute  of  oil.  Small  halibut,  called 
"chicken  halibut,"  are  highly  esteemed. 

Dr.  Goode  states  that  the  "history  of  the  halibut  fishery  has 
been  a  peculiar  one.  At  the  beginning  of  the  present  century 
these  fishes  were  exceedingly  abundant  on  George's  Banks ;  since 
1850  they  have  partially  disappeared  from  this  region,  and  the 
fishermen  have  since  been  following  them  to  other  banks,  and 
since  1874  out  into  deeper  and  deeper  water,  and  the  fisheries 
are  now  carried  on  almost  exclusively  in  the  gullies  between 
the  offshore  banks  and  on  the  outer  edges  of  the  banks,  in 
water  100  to  350  fathoms  in  depth. 

"The  halibut  with  its  large  mouth  is  naturally  a  voracious 
fish,  and  probably  would  disdain  few  objects  in  the  way  of  fresh 
meat  it  would  come  across.  It  is  said,  however,  to  feed  more 
especially  upon  crabs  and  mollusks  in  addition  to  fish.  These 
fish  'they  waylay  lying  upon  the  bottom,  invisible  by  reason 
of  their  flat  bodies,  colored  to  correspond  to  the  general  color 
of  the  sand  or  mud  upon  which  they  rest.  When  in  pursuit  of 
their  prey  they  are  active  and  often  come  quite  to  the  surface, 
especially  when  in  stimmer  they  follow  the  capelin  to  the  shoal 
water  near  the  land.  They  feed  upon  skates,  cod,  haddock, 
menhaden,  mackerel,  herring,  lobsters,  flounders,  sculpins. 
grenadiers,  turbot,  Nor\vay  haddock,  bank-clams,  and  anything 
else  that  is  eatable  and  can  be  found  in  the  same  waters/  Fre- 
quently halibut  may  be  seen  chasing  flatfish  over  the  bottom  of 
the  water.  About  Cape  Sable  their  favorite  food  seems  to  be 
haddock  and  cusk.  A  very  singular  mode  of  attacking  a  cod 
has  been  recorded  by  Captain  Collins,  an  experienced  fisherman 
and  good  observer.  They  often  kill  their  prey  by  blows  of  the 
tail,  a  fact  which  is  quite  novel  and  interesting.  He  has  described 
an  instance  which  occurred  on  a  voyage  home  from  Sable  Island 
in  1877:  *The  man  at  the  wheel  sang  out  that  he  saw  a  haU- 
but  flapping  its  tail  about  a  quarter  of  a  mile  off  our  starboard 
quarter.     I  looked  through  the  spy-glass  and  his  statement  was 
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9CXXI  verified  by  the  aec/^^nd  appearatk':4!j  z',^  tlv-  tAil.  W^  )yr/^ 
oat  a  dory,  and  two  men  went  with  her,  takmjf  'xrith  th^ff)  ft 
pair  of  gaff-hooka.  They  soon  retume/-!,  Vyrinjpnjf  n/^,  '•/nJy  fh^ 
figCTmt  which  was  a  fine  one  r>f  ahy^ut  <ur/<*nt/  f/><jiv1i»  -^^ijfi'jt, 
but  a  snail  codfish  which  it  had  h*een  tryinjf  f/r  Jrill  'r^y  ttf,\(\rii( 
it  with  its  tail.  The  codfish  was  '-juite  exhai>?ttM  V/  */n<*.  rApr-^^t>/j 
blows  and  did  not  attempt  to  e^riape  after  it4  ^tiemy  h;*d  r/^yvn  ^^p 
mred.  The  halibut  was  y>  completely  *^^^A  :t\  \m  p/>rv>it 
of  the  codfish  that  it  paid  no  ^iXtentArj^  to  Vn**  'I'-r/  ;iry1  >r:fH 
easily  captured.* 

•*  The  females  herxjtne  heavy  .v:th  r^ie  near  *.he  niidd>  "/  *>•" 
year,  and  about  July  and  .\ugufit  ^re  re^dy  V/  ^p^**n  ^'t*ri''/>^ 
3ome  ishermen  av  that  *.he^/  ;r>a'vn  ^t  CfirXtf«^<^  ''>r  ^  r'j^^ 
month  if  January,  when  \her/  -^n^  ">n  *,he  ■di^^'f*  TS^  •'^-^  ''/ 
a  Isa^e  hsdihnt  which  v^rrjjhed  ,r6  oonnd*;  >r*^jf>:^/f  t4  X^H*/k 
^nrt  indeed  the  .r-^ne:;  .^  *  .^r^f^  rh.h  '^re  vr>  -f^^*-/  V/  -^  .*fV/! 
bv  a  man  ^tthout  v^n«;ir!erihi^  fVKr*.;/^  '^-t-'j  ht^*  >  '^-^^^  x-^ 
m.ors  :n  length  .1  ^x-^/.^/n  ,*'  'V«^r  "'-^  'i'^,^i<.^  ^  .rt,  .,  .•i^4«. 
ivers^    ;f   the  ^rggs    "vj*^    v*<s(*i#^    irj/-;    ''^.^jt'!    /.    /r'^y^tf    •:''<'; 

3     'he     -trs^sht     ]a*/<^-      "*      T'-i*-     <*^'.-"'V>',t'r.#»r!      .^if^i^^it 
ZXi  f^s^r.  '-•  v^    'r.* -^--rr^'     --^-   ;«*'/e    i-^"^^^.    *'**'*f    jr*'^,'*' ">?f''^/! 
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found  in  the  North  Paciiic.  Verasper  variegatus  of  Japan  is 
notable  for  its  bright  coloration,  the  lower  side  being  largely 
orange-red. 

In  the  bastard  halibuts,  Paralichlhys.  the  eyes  and  color 
are  on  the  left  side.  These  much  resemble  the  true  hahTmt, 
but  are  smaller  and  inferior  as  food,  besides  differing  in  details 
of  structure.  The  Monterey  halibut  (Paralichlhys  califomicus) 
is  the  largest  of  these,  reaching  a  weight  of  sixtj'  pounds.  This 
species  and  one  other  from  California  (Xysireurys  ItoUpis), 
normally  left-sided,  differ  from  all  the  other  flounders  in  havii^ 


Fia.   003. — Halibut,  Hippogloitu*  hippoglotaut  linnteus.     Marmot  I., 


the  eyes  almost  as  often  on  the  right  side  as  on  the  left  side, 
as  usual  or  normal  in  their  type.     The  summer  flounder  (Para- 

lichthys  dentatus)  replaces  the  Monterey  halibut  on  the  Atlantic 
Coast,  where  it  is  a  common  food-fish.  Farther  south  it  gives 
way  to  the  Southern  flounder  i Paralichthys  lethostigma)  and 
the  Gulf  flounder,  I'ardlichthys  alhipilta.  In  Japan  Para- 
lichthys olivacciis  is  equally  common,  ami  in  western  Mexico 
Paralichlhys  siiitilarc.  The  four-s]xjtted  flounder  of  Xew  Eng- 
lan'l,  Paralichthys  ohloiii^ns,  Vielonijs  to  this  group.  Similar 
species  constituting'  the  .^enu^  I'sciuhrhonjbus  abound  in  India 
and  Japan. 

The  Plaice  Tribe:  Pleuronectinse.— The  plaice  tribe  pass  grad- 
ually into  the  halibut  tribe,  from  which  they  differ  in  the 
small  mouth,  in  which  the  blunt  teeth  are  mostly  on  the  blind 
side.  The  eyes  are  on  the  right  siile,  the  vertebra;  are  numerous, 
and  the  species  live  only  in  the  cold  seas,  none  being  found  in 
the    tropics.     In   most   fif   the    Pacific   species   the   lateral   line 
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has  an  accesson-  hraach  alcmg  the  dorsal  fin-  The  f^Bnc 
Piewonichthys,  or  frtig-fi'Jiraderi.  bat  the  teeth  in  bands.  Puu- 
ronichthys  comutus  &  vjrnm-JD  in  Japan  and  three  specie 
PleuTonichtkys  cemosus  i.*eing  the  myBt  abundant,  are  loipu: 
on  the  coast  of  Calif ornja.  C"i'*e1y  related  to  these  is.  tat 
diamond-flounder,  Hypsvpielta  gutlulcaa  'A  Calitomia.  Pari'- 
phrys  vetulus  is  a  small  fl-junder  of  Califomiii.  s(>  abnndam 
as  to  have  coosiderabk  econ-jmi';  i-alue.  Lepidopsetta  bihiietuc 
larger  and  rougher,  is  alm-jst  equally  common.  It  is  grmiiw- 
to  the  mud-dab  [Limanda  limandu)  of  n'jrthem  Europe  anc 
the  rusty-ditb   [Litnunda  jfrrrufHnva,    'jf  New  England. 

The  plaict.  FieurunecU'i  pluu^aa.  i%  th*.-  best  kncTwn  of  the 
European  speties  of  t'un.  :y,>^.  Ixnnj'  c'.;mniijri  m  most  pans 
of  Europe  and  valued  at  {■/•A  Ci'Aely  related  to  the  pjaiet 
is  a  second  specits  of  southern  tur-jpe  also  'jf  sraall  size.  Fiesui 


Fic.   B«6,— Wilt;  uiuutiKKj  h'iuui. 
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flesus.   to  whiici:   til':   nh 

applied      '1"m'.-    ttjirimoi. 
Pseudopleuronectei  ameri' 
but  with   rri'jn;   uriiforn. 
the  most  ab'jndant  o!"  tin;  fat 
back    flounder.    Liup^eila    piili. 
frequentiy    seerj    ir.    tli':    mark' 
have    scattered    rougi.    bcaie? . 
The  grea*.  starry-  i'i'jui.der  of  /l 
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irif^r     flounder     of    Neri-     EngLind 

«.■..  i;.  aJs'i  '.-fry  much  like  thv  pia:."-, . 

ix'i'f^..     It  i:,  an  Jmp'jrtLir.t  ic.'i-nf::. 

fartiiiy  about  Cap*;  '.oi.     Tht-  ei-^ 

'■/Kiii'jHi:,    als'.!    of    New    Enplane,  i? 

Th'.-    male*^    "f   Vr.i-    svrfC^-M- 
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abundant.  Oo  the  Pacific  coast  from  Monterey  to  Alaska  and 
across  to  nortbeni  Japan  it  coostitates  half  the  c&Vch  of 
flcninderb.  The  body  is  covered  with  rough  scattered  scales, 
the  fins  are  barred  with  black.  It  reaches  a  ««^t  of  twenty 
pounds.  Livii^  in  shaUow  waters,  it  ascends  all  the  laiger 
rivers. 

An  allied  species  in  Japan  is  Kargius  bicotoratus,  with  scat- 
t£!red  scales.  Cli4icdemta  asperrimum,  also  of  oorthem  Japan, 
has  the  body  covered  with  series  of  warts. 

In  deeper  water  are  found  the  ekn^te  torms  known  as 
smear^dab    and    flukes.     The    smear-dab    of    Europe     {\ticro- 


Flo.   607— Eel-back  Flounder,  Liopaetla  patnami  (GUI).     Salem,  Hub. 

stomus  kill)  is  rather  common  in  deep  water.  Its  skin  is  very 
slimy,  but  the  flesh  is  excellent.  The  same  is  true  of  the 
slippery  sole,  Microstomus  padftcus,  of  California  and  Alaska, 
and  of  othei  species  found  in  Japan.  Glyptocephalits  cytio- 
glossHS,  the  craig-fluke,  or  pole-flounder,  of  the  North  Atlantic, 
is  taken  in  great  numbers  in  rather  deep  water  on  both  coasts. 
Its  flesh  is  much  like  that  of  the  sole.  A  similar  species 
(GlyptocephalHS  zachirits)  with  a  very  long  pectoral  on  the 
right  scale  is  found  in  California,  and  Microstomus  kilahara  in 
Japan. 
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Tb«  Soles :  Soleidc. — The  soles  {Soleidce)  are  degraded  flounders, 
the  typical  fonns  bearing  a  close  relation  to  the  plaice  tribe, 
from  which  they  may  be  derived.  There  are  three  very  difEer- 
ent  groups  or  tribes  of  soles,  and  some  writers  have  thought 
that  these  are  independently  derived  from  different  groups  of 
flounders.  This  fact  has  been  urged  as  an  argument  against 
the  recognition  of  the  Soleidm  as  a  family  separate  from  the 
flounders.  If  clearly  proved,  the  soles  should  either  be  joined 
with  the  flounders  in  one  family  or  else  they  should  be  divided 
into  two  or  three,  according  to  their  supposed  origin. 

The  soles  as  a  whole  differ  from  the  flounders  in  havii^  the 
bones  of  the  head  obscurely  outlined,  their  edges  covered  by 
scales.  The  gill-openings  are  much  reduced,  the  eyes  small 
and  close  together,  the  ventral  fins  often  much  reduced,  and 
sometimes  the  pectoral  or  caudal  also.  The  mouth  is  very 
small,  much  twisted,  and  with  few  teeth. 

The  species  of  sole,  about  150    n  number  abound  on  sandy 
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Fia.  608— Starry  Flounder,  PlalKhlhyt  tteOoHa  (Pallas). 


bottoms  in  the  warm  seas  along  the  continents,  very  few  being 
found  about  the  Oceanic  Islands.  The  three  subfamilies,  or 
tribes,  may  be  designated  as  broad  soles,  true  soles,  and  tongue- 


The  Broad  Soles:  Acbirlote. — ^The  American  soles  {Achiriiue), 
or  broad  soles,  resemble  tbe  ffDM^iflr members  of  the  turbot  tribe 
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of  flounders,  having  the  ventral  fin  of  the  eyed  side  extended 
along  the  ridge  of  the  abdomen.  The  eyes  and  color  are,  how- 
ever, on  the  right  side.  The  eyes  are  separated  by  a  narrow 
interorbital  ridge.  In  most  of  these  forms  the  body  is  broad 
and  covered  with  rough  scales.  The  species  are  mostly  less 
than  six  inches  long,  and  nearly  all  are  confined  to  the  warmer 
parts  of  America,  many  of  them  ascending  the  rivers.  A  very 
few  (Aseraggodes.  Pardachirus)  are  found  in  Japan  and  China. 
Some  are  scaleless  and  some  have  but  a  single  small  gill-open- 
ing on  the  blind  side.  The  principal  genus  is  Ackirus.  Achirus 
fascialus,  the  common  American  sole,  or  hog-choker,  is  abun- 
dant from  Boston  to  Galveston.  Ackirus  lineahis  and  other 
species  are  found  in  the  West  Indies  and  on  the  west  coast  of 
Mexico.  Almost  all  the  species  of  Achirus  are  banded  with 
blade  and  the  pectorals  are  very  small  or  wanting  altogether. 
All  these  species  are  practically  useless  as  food  from  their  very 
small  size. 


—Hog-choker  So 


The  European  Soles  (Soleinse). — The  European  soles  are  more 
elongate  in  form,  with  the  ventral  fins  narrow  and  not  extended 
along  the  ridge  of  the  abdomen.  The  eyes  are  on  the  right  side 
with  no  bony  ridge  between  them.     No  species  of  this  type  is 
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certainly  known  from  American  waters,  although  numerous  in 
Europe  and  Asia.  The  species  have  much  in  common  with 
the  plaice  tribe  of  floimders  and  may  be  derived  from  the  same 
stock.    One  species,  as  above  noted,  is  foimd  in  the  Miocene. 

The  common  sole  of  Europe,  Solea  solea,  is  one  of  the  best 
of  food-fishes,  reaching  a  length,  according  to  Dr.  Gill,  of  twenty- 
six  inches  and  a  weight  of  nine  pounds.  As  tisually  seen  in 
the  markets  it  rarely  exceeds  a  pound.  It  is  found  from  Nor- 
way to  Italy,  and  when  properly  cooked  is  very  tender  and 
delicate,  superior  to  any  of  the  floimders.  According  to  Dr. 
Francis  Day,  it  appears  to  prefer  sandy  or  gravelly  shores, 
but  is  rather  uncertain  in  its  migrations,  for,  although  mostly 
appearing  at  certain  spots  almost  at  a  given  time,  and  tisually 
decreasing  in  ntmibers  by  degrees,  in  other  seasons  they  dis- 
appear at  once,  as  suddenly  as  they  arrive.  Along  the  British 
seacoast  they  retire  to  the  deep  as  frosts  set  in,  revisiting  the 
shallows  about  May  if  the  weather  is  warm,  their  migrations 
being  influenced  by  temperature.  The  food  of  the  sole  is  to  a 
considerable  extent  molluscous,  but  it  is  also  said  to  eat  the 
^gs  and  fry  of  other  fishes  and  sea-urchins 

The  spawning  season  is  late  in  the  year  and  during  the 
spring  months.  The  ova  are  in  moderate  ntmiber;  a  sole  of 
one  potmd  weight  has,  according  to  Buckland,  about  134,000 
eggs.  The  newly  hatched,  according  to  Dr.  Day,  do  not  appear 
to  be  commonly  foimd  so  far  out  at  sea  as  some  other  species. 
They  enter  into  shallow  water  at  the  edge  of  the  tide  and  are 
very  numerotis  in  favorable  localities. 

As  is  well  known,  the  sole  is  one  of  the  most  esteemed 
of  European  fishes.  In  the  words  of  Dr.  Day,  '*  the  flesh  of  this 
fish  is  white,  firm,  and  of  excellent  flavor,  those  from  the  deepest 
waters  being  generally  preferred.  Those  on  the  west  coast 
and  to  the  south  are  larger,  as  a  rule,  than  those  towards  the 
north  of  the  British  islands.  In  addition  to  its  use  as  food, 
it  is  available  for  another  piupose.  The  skin  is  used  for  fining 
coffee,  being  a  good  substitute  for  isinglass,  and  also  as  a 
material  for  artificial  baits. 

"The  markets  are  generally  supplied  by  the  trawl.  ITie 
principal  English  trawling-groimd  lies  from  Dover  to  Devonshire. 
They  may  be  taken  by  spillers,  but  are  not  conmionly  captured 
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with  hooks;  it  is  suggested  that  one  reason  may  be  that  spillers 
are  mostly  used  by  day,  whereas  the  sole  is  a  night  feeder. 
They  are  sometimes  angled  for  with  the  hook,  baited  with 
crabs,  worms,  or  mollusks ;  the  most  favorable  time  for  fishing 
is  at  night,  after  a  blow,  when  the  water  is  thick,  while  a  land 
breeze  answers  better  than  a  sea  breeze." 

Several  smaller  species  of  sole  are  found  in  Europe.  In 
Japan  Zebrias  zebra,  black-banded,  and  Usinostta  japonica, 
known  as  Usinbshita,  or  cow's  tongue,  are  common.  Farther 
south  are  numerous  species  of  SynapUira  and  other  genera  peculiar 
to  the  Indian  and  Australian  regions. 

The  Tongue-fishes:  Cynoglossinie. — The  tongue-fishes  are  soles 
having  the  eyes  on  the  left  side  not  separated  by  a  bony  ridge, 
the  two  being  very  small  and  apparently  in  the  same  socket. 
The  body  is  lanceolate,  covered  usually  with  rough  scales, 
and  as  often  with  two  or  three  lateral  lines  as  with  one.  The 
species  are  mostly  Asiatic.  Cynoglossus  robustus  and  other  spe- 
cies are  found  in  Japan,  and  in  India  are  many  others  belong- 
ing to  Cynoglossus  and  related  genera.  The  larger  species  are 
valued  as  food.  The  single  European  species  Symphitrus  nigres- 
cens  common  in  the  Mediterranean  is  too  small  to  have  any 
value      SymphuTHS  plagtusa    the  tongue-fish  of  our  coast,  is 


Fre.   GIO.— i'l/^M^ri/s  i/l'igiiisn  (L.).     Heautort,  N.  C. 

common  on  our  sandy  shores  fr(im  Cape  Hatteras  southwafd. 
Symphuriis  plagtista,  scarcely  different,  replaces  it  in  the  West 
Indies.  Symphiirns  alricaiidiis  is  found  in  San  Diego  Bay,  and 
numerous  other  species  of  no  economic  importance  find  their 
place  farther  south. 


CHAPTER  XLIII 

SUBORDER  JUGULARES 

HE  Jugular-fishes. — In  all  the  families  of  spiny-rayed 
fishes,  as  ranged  in  order  in  the  present  work,  from 
the  BerycidcB  to  the  Soleidce,  the  ventrals  are 
thoracic  in  position,  the  pelvis,  if  present,  being  joined  to  the 
shoulder-girdle  behind  the  symphysis  of  the  clavicles  so  that 
the  ventral  fin  falls  below  or  behind  the  pectoral  fin.  To  this 
arrangement  the  families  of  Bembradidce  and  Pinguipedidcs  offer 
perhaps  the  only  exceptions. 

In  all  the  families  which  precede  the  Berycidce  in  the  linear 
series  adopted  in  this  work,  the  ventral  fins  when  present  are 
abdominal,  the  pelvis  lying  behind  the  clavicles  and  free  from 
them  as  in  the  sharks,  the  reptiles,  and  all  higher  vertebrates. 

In  all  the  families  remaining  for  discussion,  the  ventrals 
are  brought  still  farther  forward  to  a  point  distinctly  before 
the  pectorals.  This  position  is  called  jugular  (Lat.  jugulum, 
throat). 

The  fishes  with  jugular  ventrals  we  here  divide  into  six 
groups,  orders,  and  suborders :  Jugulates,  Haplodoci,  Xenopterygii, 
Anacanthiniy  Opisthomi,  and  Pediculati,  The  last  two  groups,  and 
perhaps  the  Anacanthini  also,  may  well  be  considered  as  dis- 
tinct orders,  being  more  aberrant  than  the  others. 

For  the  most  primitive  and  at  the  same  time  most  obscurely 
defined  of  these  groups  we   may  retain  the  term  applied  by 
Linnaeus  to  all  of  them,  the  name  Jugulares.     This  group  in- 
cludes those  jugular-fishes  in  which  the  position  of  the  gills,  the 
structure  of  the  skull,  and  the  form  of  the  tail  are  essentia  *' 
as  in  ordinary  fishes.     It  is  an  extremely  diversified  and  p< 
imnatural  group,  some  of  its  members  resembling  Opist 
ihidcB   and   MalacanthidcB,    others   suggesting   the  mailed 
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fishes,  and  still  others  more  degenerate.  The  fishes  having 
the  fins  thus  placed  were  long  ago  set  apart  by  Linnipus, 
under  the  name  of  "Jugulares,"  Callionymus  being  the  genus 
first  placed  by  him  in  this  group.  Besides  their  anterior  inser- 
tion, the  ^'entrals  in  the  Jitgukires  are  more  or  less  reduced  in 
size,  the  rays  being  usually  but  not  always  less  than  I,  g  in 
number  and  more  often  reduced  to  one  or  two,  or  even  wholly 
lost. 

In  general,  the  jugular  fishes  are  degenerate  as  compared 
with  the  perch-like  forms,  but  in  certain  regards  they  are  often 
highly  specialized.  The  groups  showing  this  character  are 
probably  related  one  to  another,  but  in  some  cases  this  fact  is 
not  clearly  shown.  In  most  of  the  jugular-fishes  the  shoulder- 
girdle  shows  some  change  or  distortion.  The  usual  foramen 
in  the  hypercoracoid  is  often  wanting  or  relegated  to  the  inter- 
space between  the  coracoids,  and  the  arrangement  of  the 
actinosts  often  deviates  from  that  seen  in  the  perciform  fishes. 

The  Wecvers:  Trachmidte.  ^  Of  the  various  families  the 
group  of  wee\'ers,  Trachinidic,  most  approaches  the  type  of 
ordinary  fishes.  In  the  words  of  Dr.  Gill,  these  fishes  are 
known  by  "an  elongated  body  attenuated  backward  from 
the  head,  compressed,  oblong  head,  with  the  snout  very  short, 
a  deeply  cleft,  obhque  mouth,  and  a  long  spine  projecting 
backward  from  each  operculum  and  strengthened  by  exten- 
sion on  the  surface  of  the  operculum,  as  a  keel.  The  dorsal 
fins  are  distinct,  the  first  composed  of  strong,  pungent  spines 
radiating  from  a  short  base  and  about  six  or  seven  in  number. 
The  second  dorsal  and  anal  are  \'ery  long.  The  pectorals 
have  the  lower  rays  unbranched,  and  the  ventrals  are  in 
advance  of  the  pectorals,  and  have  each  a  spine  and  five  rays. 
The  species  of  this  family  are  mostly  found  along  the  European 
and  western  African  coast;  but  singularly  enough  a  species 
closely  related  to  the  Old  World  form  is  found  on  the  coast  of 
Chile.  None  have  been  obtained  from  the  intermediate  regions 
or  from  the  American  coast.  Two  species  are  found  in  England, 
and  are  known  under  the  name  of  the  greater  weever  {Trachinus 
draco),  about  twelve  inches  long,  and  the  lesser  weever 
(Trachinus  vipera),  about  six  inches  long.  They  are  perhaps 
the  most  dreaded  of  the  smaller  English  fishes.     The  fonnid- 
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able  opercular  spines  are  weapons  of  defense,  and  when  seized 
by  the  fisherman  the  fish  is  apt  to  throw  its  head  in  the  direc- 
tion of  the  hand  and  lance  a  spine  into  it.  The  pungent  dorsal 
spines  are  also  defensive.  Although  without  a  poison  gland, 
such  as  some  fishes  distantly  related  have  at  the  base  of  the 
spines,  they  cause  very  severe  woimds,  and  death  may  occur 
from  tetanus.  They  are  therefore  divested  of  both  opercular 
and  dorsal  spines  before  being  exposed  for  sale.  The  various 
popular  names  which  the  weevers  enjoy,  in  addition  to  their 
general  designation,  mostly  refer  to  the  armature  of  the  spines, 
or  are  the  result  of  the  armature;  such  are  adder-fish,  sting- 
fish,  and  sting-bull.'' 

No  species  of  Trachinidcs  is  known  from  North  America  or 
from  Asia.  In  these  fishes,  as  Dr.  Boulenger  has  lately  shown, 
the  hypercoracoid  is  without  foramen,  the  usual  perforation 
lying  between  this  bone  and  the  hypercoracoid.  A  similar  con- 
dition exists  in  the  Anacanthini,  or  codfishes,  but  it  seems  to 
have  been  developed  independently  in  the  two  groups.  In  the 
relatives  of  the  Trachinidcs  the  position  of  this  foramen  changes 
gradually,  moving  by  degrees  from  its  usual  place  to  the  lower 
margin  of  the  hypercoracoid.  Species  referred  to  Trachinus  are 
recorded  from  the  Miocene  as  well  as  Trachinus. 

The  extinct  group  of  CallipterygidcB  fotmd  in  the  Eocene  of 
Monte  Bolca  seems  allied  to  the  Trachinidce,  It  has  the  dorsal 
fin  continuous,  the  spines  small,  the  soft  rays  high;  the  scales 
are  very  small  or  wanting.  Callipteryx  speciosus  and  C.  recti- 
candus  are  the  known  species. 

The  Nototheniidse. — In  the  family  of  NototheniidcB  the  for- 
amen is  also  wanting  or  confluent  with  the  suture  between  the 
coracoids.  To  this  family  belong  many  species  of  the  Antarctic 
region.  These  are  elongate  fishes  with  ctenoid  scales  and  a 
general  resemblance  to  small  Hexagrammidce.  In  most  of  the 
genera  there  is  more  than  one  lateral  line.  These  species  are 
the  antipodes  of  the  Cottidce  and  Hexagrammidce;  although  lack- 
ing the  bony  stay  of  the  latter,  they  show  several  analogical 
resemblances  and  have  very  similar  habits. 

The  HarpagiferidcB,  naked,  with  the  opercle  armed  with  spines, 
and  resemble  sculpins  even  more  closely  than  do  the  Notothenidce, 
Harpagifer  is  found  in  Antarctic  seas,  and  the  three  species  of 
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Draconetta  in  the  deeper  waters  of  the  North  Atlantic  and  Pacific. 
These  httle  fishes  resemble  Callionymus,  but  the  opercle,  in- 
stead of  the  preopercle,  bears  spines.  The  Bovichlhyida:  of  New 
Zealand  are  also  sculpin-Uke  and  perhaps  belong  to  the  same 
family.  Dr.  Boulenger  places  all  these  Antarctic  forms  with  the 
foramen  outside  the  hypercoracoid  in  one  family,  NotothenUdce. 
Several  deep-sea  fishes  of  this  type  have  been  lately  d^cribed 
by  Dr.  Louis  DoUo  and  others  from  the  Patagonian  region. 
One  of  these  forms,  Macrias  amissus,  lately  named  by  Gill  and 
Townsend,  is  five  feet  long,  perhaps  the  largest  deep-sea  fish 
known.    The  family  of  Percophida,  from  Chile,  is  also  closely 


FlO.  611. — Pteropsaron  evolam  Jordan  &  Snyder.     Sagami  Bay,  Japan. 


allied  to  these  forms,  the  single  species  differing  in  slight  respects 
of  osteology. 

Closely  related  to  the  family  of  NototheniidcB  and  perhaps 
scarcely  distinct  from  it  is  the  small  family  of  Pteropsarida, 
which  differs  in  having  but  one  lateral  line  and  the  foramen 
just  above  the  lower  edge  of  the  hypercoracoid.  The  numer- 
ous species  inhabit  the  middle  Pacific,  and  are  prettily  colored 
fishes,  looking  like  gobies.  Pteropsaron  is  a  Japanese  genus, 
with  high  dorsal  and  anal  fins ;  Parapercis  is  more  widely  diffused. 
Osums  schauinslandi  is  one  of  the  neatest  of  the  small  fishes  of 
Hawaii.     Several  species  of  Parapercis  and  Neopercis  occur  in 
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Japan  and  numerous  others  in  the  waters  of  Polynesia.  Pseu- 
deleginus  majori  of  the  Italian  Miocene  mtist  belong  near  Para- 
percis. 

The  Bathymasteridce,  or  ronquils,  are  perhaps  allied  to  the 
Nototheniida;  they  resemble  the  Opisthognathid(B,  but  the  jaws 
are  shorter  and  they  have  a  large  number  of  vertebrae  as  befits 
their  northern  distribution.  Ronquilus  jordani  is  found  in  Puget 
Sound  and  Baihymasier  signatus  in  Alaska.  The  ventral  rays 
are  I;  5,  and  the  many-rayed  dorsal  has  a  few  slender  spines  in 
front. 

The  Leptoscopidse.— The  LepioscopidcB  of  New  Zealand  re- 
semble the  weevers  and  star-gazers,  but  the  head  is  unarmed, 
covered  by  thin  skin. 

The  Star-gazers:  nranoscopidse. — The  Uranoscopid<B,  ca  star- 
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gazers,  have  the  head  cuboid,  mostly  bony  above,  the  mouth 
almost  vertical,  the  lips  usually  fringed,  and  the  eyes  on  the 
flat  upper  surface  of  the  head.  The  spinous  dorsal  is  short  and 
may  be  wanting.  The  hypercoracoid  has  a  foramen,  and  the 
body  is  naked  or  covered  with  small  scales.  The  appearance  is 
eccentric,  like  that  of  some  of  the  ScorpmnidcB,  but  the  anatomy 
differs  in  several  ways  from  that  of  the  mailed-cheek  fishes. 

The  species  inhabit  warm  seas,  and  the  lai^er  ones  are  food- 
fishes  of  some  importance.  One  species,  Uranoscopus  scaber, 
abounds  in  the  Mediterranean,  Uranoscopus  japonicus  and 
other  species  are  found  in  Japan.  Astroscopus  y-graicum  is  the 
commonest  species  on  our  Atlantic  coast.  The  bare  spaces  on 
the  top  of  the  head  in  this  species  yield  vigorous  electric 
shocks.  Another  American  species  is  Astroscopus  guitatus.  In 
Japan  and  the  East  Indies  the  forms  are  more  numerous  and 
varied.     Ichthyscopus  lebeck,  with  a  single  dorsal,  is  a  fantastic 
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inhabitant  of  the  seas  of  Japan,  and  Anema  niottopterygium  in 
New  Zealand. 

Uranoscopus  peruzzii,  an  extinct  star-gazer,  has   been  de- 
scribed from  the  Pliocene  of  Tuscany. 


Fio.   618. — A  Star-gaier  Ariieopua  iftunu*  Jordan  &  Snyder      Iburi.  Japau. 

The  Dragonets:  Callioaymidse. — Remotely  allied  to  the  Vra~ 
noscopidw  is  the  interesting  family  of  dragonets,  or  CalHonymidcE. 
These  are  small  scaleless  fishes  with  flat  heads,  the  preopercle 
armed  with  a  strong  spine,  the  body  bearing  a  general  resem- 
blance to  the  smaller  and  smoother  Cottida;.  The  gill-openings 
are  very  small,  the  ventral  fins  wide  apart.  The  colors  are 
highly  variegated,  the  fins  are  high,  often  filamentous,  and  the 
sexes  differ  much  in  coloration  and  in  the  development  of  the 
fins.  The  species  are  especially  numerous  on  the  shores  of 
Japan,  where  Callionymus  valenciennesi,  Callionymus  beniieguri, 
and  Callitirichthys  japonicus  are  food-fishes  of  some  slight  impor- 
tance. Others  are  found  in  the  East  Indies,  and  several  large 
and  handsome  forms  are  taken  in  the  Mediterranean.  Calliony- 
mus draco,  the  dragonct,  or  "sculpin,"  reaches  the  coast  of  Eng- 
land. In  America  but  three  species  have  been  taken.  These 
are  dredged  in  deep  water  in  the  East  Indies.  In  other  parts 
of  the  world  these  fantastic  little  creatures  are  shore-fishes, 
creeping  about  in  the  shallow  bays.  Species  of  Synchiropus, 
colored  like  the  coral  sands,  abound  in  the  Polynesian  coral 
reefs. 

A  fossil  species  of  Callionymus  (C  macrocephalus)  are  foimd 
in  the  Miocene  of  Croatia. 

The  family  of  RhyacichthyidtB  is  a  small  group  of  Asiatic 
fishes  allied  to  the  CallionymidiE,  but  less  elongate  and  difEerii^ 
in  minor  details.  They  are  foimd  not  in  the  sea,  but  in  mountain 
streams.  Rhyacichtkys  (formerly  called  by  the  preoccupied 
name  Plaiyptera)  is  the  principal  genus. 
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The  Trichonotidtr,  with  u-ide  gill-openings  and  cycloid  scales, 
are  also  related  to  the  CallionymidcE.  The  species  are  few,  small, 
and  confined  to  the  Indian  and  Australian  seas.  Another  small 
family  closely  related  to  this  is  the  group  of  Hemeroccetida  of 
the  same  region. 

The  Dact;^oscopide. — In  this  and  the  preceding  families  of 
jugular  fishes  the  ventral  rays  remain  i,  5,  as  in  the  typical 
thoracic  fonns.  In  most  of  the  families  yet  to  be  described 
the  number  is  I,  3,  a  character  which  separates  the  little  fishes  of 
the  family  of  DactyloscDpid<E  from  the  Uranoscofnda:  and  Lepto- 
scopidir.  Dactyloscopus  tridigitatus  is  a  small  fish  of  the  coral 
sands  of  Cuba.  The  other  species  of  this  family  are  found 
mostly  in  the  West  Indies  and  on  the  west  coast  of  Mexico. 
Several  genera,  Myxodagntis,  Gillellus,  Dactylagnus,  etc.,  are 
recognized.  In  the  structure  of  the  shoulder-girdle  these 
species  diverge  from  the  star-gazers,  approaching  the  blennies, 
and  their  position  is  intermediate  between  Trachinida;  and 
BlenniidtB. 


) 


CHAPTER  XUV 
THE  BLENNIES:    BLENNIID^ 


B  HE  great  family  of  bleimies,  BlenniideB,  contains  a  vast 
iiumber  of  species  with  elongate  body,  niunerous  dor- 
sal spines,  without  suborbital  stay  or  sucking-disk, 
and  the  ventrals  jugular,  where  present,  and  of  one  spine  and 
less  than  five  soft  rays.  Most  of  them  are  of  small  size,  living 
about  rocks  on  the  sea-shores  of  all  regions.  In  general  they 
are  active  fishes,  of  handsome  but  dark  coloration,  and  in  the 
different  parts  of  the  group  is  found  great  variety  of  structure. 
The  tropical  forms  differ  from  those  of  arctic  regions  in  the 
much  shorter  bodies  and  fewer  vertebras.  These  forms  are  most 
like  ordinary  fishes  in  appearance  and  structure  and  are  doubt- 
less the  most  primitive.     Of  the  five  hundred  known  species  of 


Fia.  618  — Sareastie  Blenny,  Neotlinu*  taUneut  Girard.    Monterey. 

blennies,  we  can  note  only  a  few  of  the  most  prominent.  To 
Clinus  and  related  genera  belong  many  species  of  the  warm 
seas,  scaly  and  ovoviviparous,  at  least  for  the  most  part.  The 
largest  of  these  is  the  great  kelpfish  of  the  coast  of  California, 
Helerostichus  rostratus,  a  food-fish  of  i 
length  of  two  feet,  Others  of  this  ty] 
inches.     Neoclinus  satiricus,  also  of 
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for  the  great  length  of  the  upper  jaw,  which  is  formed  as  in 
Opislhognathus.  Its  membranes  are  brightly  colored,  being 
edged  with  bright  yellow.  Gibbonsia  elegans  is  the  pretty 
"senorita"  of  the  coralline-lined  rock-pools  of  California,  Lcpi- 
sonia  nuchipimie,  with  a  fringe  of  filaments  at  the  nape,  is  very 
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Fig.  616.^Kelp  Blenny,  GHAonaia  evidea  Jordan  &  Gilbert.     San  Diego. 


abundant  in  rock-pools  of  the  West  Indies.  The  species  of 
Atichenopterus  abound  in  the  rock-pools  of  tropical  America. 
These  are  very  small  neatly  colored  fishes  with  but  one  soft  ray 
in  the  long  dorsal  fin,  Species  of  Tripterygion,  Myxodes,  Cris- 
ticeps,  and  other  genera  abound  in  the  South  Pacific. 

In  Blennius  and  its  relatives  the  body  is  scaleless  and  the 
slender  teeth  are  arranged  like  the  teeth  of  a  comb.     In  most 


species  long,  fang-like  posterior  canines  are  developed  m  the 
jaws.  Blennins  is  represented  in  Europe  by  many  species,  Blen- 
nius galerita,  ocellaris,  and  basiliscus  being  among  the  most  com- 
mon. Certain  species  inhabit  Italian  lakes,  having  assumed  a 
fresh-water    habit.     The    numerous    American    species    mostly 
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belong  to  other  related  genera,  Citasmodes  bosquiamts  being 
most  common.  Blennius  yatabei  abounds  in  Japan.  In  Petro- 
scirtes  and  its  allies  the  gill-openings  are  much  restricted.     The 


FiQ.  619  — LiEard-skipper,  AUi 
water  on  lava  rocks,  leap 
nature;   specimen  from  Ft 


eus  soiien*  (Forstcr).  A  blenny  which  Ilea  out  of 
ing  from  one  lo  another  with  great  agility.  From 
lint  Distress,  Tutuila  Island,  Samoa.     (.About  one- 


species  are  mainly  Asiatic  and  Polynesian  and  are  very  prettily 
colored.     Petroscirtes  elegans  and  P.  trossiilus  adorn  the  Japanese 
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rock-pools  and  othera,  often  deep  blue  in  color,  abound  in  the  I 
coral  reefs  of  Polynesia. 

The     rock  -  skippers    {Sjlarias,  Alticusy    etc.)    are   herbiv- 
orous, with  serrated  teeth  set  loosely  in  the  jaws.      These  live  ( 
in  the  rock-pools  of  the  tropics  and  leap  from  rock  to  rock  when 
disturbed  with  the  agility  of  lizards.     They  are  dusky  or  gray 
in  color  with  handsome  markings.     One  of  them.  Erpichthys  (. 
AUiciis  saliens  in  Samoa,  lives  about  lava  rocks  between  tide-  I 


^^5*5,.^^^ 
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■EnMemaria  atlantiea  JortlRn,     Pensocola,   F1&, 


marks,  and  at  low  tide  remains  on  the  rocks,  over  which  it  runs 
\vith  the  greatest  ease  and  with  much  speed,  its  movements 
being  precisely  like  those  of  PeriaphthaUnus.  As  in  the  species 
of  the  latter  genus,  otherwise  wholly  different,  this  Alticus 
has  short  ventral  fins  padded  with  muscle. 


Erpichthys  ailaniicus  is  found  in  abundance  on  both  coasts 
of  tropical  America.  Many  species  abound  in  Polynesia  and 
in  both  Indies.      Salarias  enosimts  lives  in  the  clefts  of  lava 
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rocks  CO  the  shores  of  Japan.  Ophioblennius  (uvbbi)  is  remark- 
able for  its  strong  teeth,  Emhlfnuiria  (mvipes,  Athntim)  fiir  its 
very  high  dorsal.  Many  other  goncni  allied  to  Blfnnius,  Clinus, 
and  Salarias  abound  in  the  warm  seas. 


Fia.   aza^Zaealki  brynjie  .lonlnn  &  Hiiyilpr.     Miwikl.  Jnpsn. 


The  Northern  Blennies :  Xlphidilnn,  Sttchnlnls,  etc. — The  blen- 
nies of  the  north  tcmpcntte  ;ind  jirctlc  zones  have  the  dorsal 


Flo,  8S3  — BrjorfemiFW /flrsofte"  .((irdsn  *  3iiyf|pT.     rnnljiskfl. 

fin  more  elongate,  the  dor^ii  fin  usually  Imt  not  always  com- 
posed entirely  of  spines.     The  scales  are  smfill  and  the  ventral 


I'M-  SU. — Bxerpa  eutper  Jwikinn  *  F,vi>rmi 
Family  Hl'nin't'r. 


I,  Guaymax,  M'pvipo. 


fins  genemlly  reduced  in  sizfi.  These  are  dndded  hy  Dr.  tjill 
into  several  distinct  familie<;.  but  the  groups  recognized  by  him 
am  subject  to  intergradations. 
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Chirolopkis  (ascanii)  of  north  Europe  is  remarkable  for  thej 
tufted  filaments  on  the  head.     These  are  still  more  developed  in 
Bryostemma   of   the    North    Pacific.    Bryoslemma   polyacloceplui- 
lum  and  several  other  species  being  common  from  Puget  Sound- 
to  Japan.     A-podkhthys  (fiavidtis)   of  California  is  remarkabla 
for  a  large  quill-shaped    anal  spine  and  for  the  great  variatioi 
in  color,  the  hue  being  yellow,  grass-green,  or  crimson,  according 
to  the  color  of  the  algie  about  it.     There  is  no  evidence,  how-j| 
ever,  that  the  individiml  fish  can  change  its  color,  and  these  colo] 
forms  seem  to  be  distinct  races  within  the  species.     Xererpea 
fucorum  of  California  lies  quiescent  in  the  sea-weed  {Fuciis)  aftei 
the  tide  recedes,  its  form,  color,  and  substance  seeming  to  con 
spond  exactly  with  those  of  the  stems  of  algae.     Pholis  gunnelltn 


Fio.  026. — Gmmel.  Pholit  gMnndlus  (L.).     Gloucester,  Masa. 

is  the  common  gunnel  (gunwale),  or  butter-fish,  of  both  shores" 
of  the  North  Atlantic,  with  numerous  allies  in  the  North  Pacific. 
Of  these,  Enedrias  nebulosHs.  the  ginpo,  or  silver-tail,  is  especially 
common  in  Japan.  Xiphidion  and  Xiphistes  of  the  California 
coast,  and  Dictyosotna  of  Jafan,  among  others,  are  remarkable 
for  the  great  number  of  lateral  lines,  these  extending  crosswise 


I 


Fra.  026.~XiphitUg  china  Jordan  &  Gilbert.    Amchitka  I.,  Alaska, 


as  well  as  lengthwise.  Cebedichthys  violaceus,  a  large  blenny  of  J 
California,  has  the  posterior  half  of  the  dorsal  made  of  soft  rays.  J 
Opislhocentrtis  of  Siberia  and  north  Japan  has  the  dorsal  spines! 
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flexible,  only  the  posterior  ones  being  short  and  stiff.  The 
snake-blennies  (Ltimpemis) ,  ntunerous  in  the  far  North,  are 
extremely  slender,  with  well-developed  pectorals  and  ventrals, 
Lumpenus  lampetnrjormis  is  found  on  both  shores  of  the  Atlantic. 
In  Stichwus  a  lateral  line  is  present.  There  is  none  in  Lumpe- 
fiHS,  and  in  ErnogrammHS  and  Ozortiie  there  are  three.  All 
these  are  elongate  fishes,  of  some  value  as  food  and  especially 
characteristic  of  the  Northern  seas.  Fossil  blennies  are  almost 
unknown.     Pterygocephalus  paradoxus  of  the  Eocene  resembles 


Fio.  687,— Oa)rtfiedir(!/fii;ramma{Hertzenst«iii),  a  Japwiese blennj[  fromHftkodate: 
ahoiring  increased  number  of  lateral  lineH,  a  trait  charactertBtic  of  many  fishes 
of  the  north  Pacific. 

the  living  Cristiceps,  a  genus  which  differs  from  Ctinus  in  having 
the  first  few  dorsal  spines  detached,  inserted  on  the  head.  The 
first  spine  alone  in  Pterygocephalus  is  detached  and  is  very 
strong.  A  species  called  Clinus  gracilis  is  described  from  the 
Miocene  near  Vienna,  Blenmus  fossilis  from  the  Miocene  of  Cro- 


Fio.   028. — Sliiliirus  putuUalua  Fabricius  St.  MichncL,  Alaska, 

atia,  and  an  tmcertain  Oncolepis  isseli  from  Monte  Bolca. 


The 


family  is  certainly  one  of  the  most  recent  in  geologic  times. 
The  family  of  Bleimiida,  as  here  recognized,  includes  a  very 
great  variety  of  forms  and  should  perhaps  be  subdivided  into 
several  families,  as  Dr.  Gill  has  suggested.  At  present  there 
is,  however,  no  satisfactory  basis  of  division  known. 

The   QuiUfishes:    Ptilichthyidre.  —  The  Ptilichikyids,   or  qu 
fishes,  are  small  and  slender  blennies  of  the  North  Pacific,  y 


724 


The  Blennies:    BlenniidT 


very  numerous  fin-rays,  Ptilichthys  goodei  has  90  dorsal  spines 
and  14s  soft  rays.  Another  group  of  very  slender  naked  blen- 
nies is  the  small  family  of  Xiphasiida  from  the  South  Pacific. 


The  jaws  have  excessively  long  canines ;  there  are  no  ventral , 
fins.     The  dorsal  fin  is  very  high  and  the  caudal  ends  in  a  long  I 

thread . 


'QitlllliBh.  Pliliehihyi  goodei  ficau.    Unalafika. 


The  Blochiidse.  —  Of  doubtful  relationship  is  the  extinct 
family  of  Biochiids.  In  this  group  the  body  is  elongate, 
covered    with    keeled    plates    imbricated    like    shingles.     The 


dorsal  is  composed  of  many  slender  spines,  and  the  vertebrsB 
much  elongate.     In  Blochtus  longirostris  (Monte  Boka  Eocene) 
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has  very  long  jaws,  lined  with  small  teeth.  Zittel  regards  the 
family  as  allied  to  the  Belonorhynckidce,  but  the  prolongatioa 
of  the  jaws  may  be  a  character  of  analogy  merely.  Woodward 
places  it  next  to  the  Blenniidis,  supposing  it  to  have  small  and 
jugular  ventral  fins.  But  as  the  presence  of  ventral  fins  is 
uncertain,  the  position  of  the  family  cannot  be  ascertained 
and  it  may  really  belong  in  the  neighborhood  of  Ammodytes. 
The  dorsal  rays  are  figured  by  Woodward  as  simple. 

The  Pat«cide,  etc. — The  PatwcidtB  are  blenny-like  fishes  of 
Australia,  having  the  form  of  Congriopus,  the  spinous  dorsal  being 
very  high  and  inserted  before  the  eyes,  forming  a  crest.  PaUBCus 
fronio  is  not  rare  in  South  AustraHa.  The  Gnathanacanlkida 
is  another  small  group  of  peculiar  blennies  from  the  Pacific. 
The  AcanthoclinidtB  are  small  blennies  of  New  Zealand  with 
numerous  spines  in  the  anal  fin.  Acanthocltnus  littoretts  is  the 
only  known  species. 

The  Gadopsiite,  etc. — The  family  of  GadopsidcB  of  the  rivers 
of  New  Zealand  and  southern  Australia  consists  of  a  single 
species,  Gadopsis  marmoratus,  resembUng  the  scaly  blennies 
called  Clinus,  but  with  loi^  ventrals  of  a  single  ray,  and  three 
spines  in  the  anal  fin  besides  other  peculiarities.  The  species 
is  locally  very  common  and  with  various  other  fishes  in  regions 
where  true  trout  are  unknown,  it  is  called  "trout." 

The  CerdalidcB  are  small  band-shaped  blennies  of  the  Pacific 


iitli,  CnjptacarUhodes  miKiiialui 


coast  of    Panama.     The  slender  dorsal  spines  pass  gradually 
into  soft  rays.     Three  species  arc  known. 

The    wTvmouths,   or    Cryplacayithodide,    are  large    blennies 
of  the  northern  seas,  with  the  mouth  almost  vertical  and  the 
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head  cuboid.  The  wrymouth  or  ghostfish,  Cryptacanthodes 
maculatus,  is  frequently  taken  from  Long  Island  northward. 
It  is  usually  dusky  in  color,  but  sometimes  pure  white.  Other 
genera  are  found  in  the  north  Pacific. 

The  Wolf-fisheB:  Anarhichadidn. — The  wolf-fishes  (Anarki- 
chadid(B)  are  large  blennies  of  the  northern  seas,  remarkable  for 
their  strong  teeth.  Those  in  front  are  conical  canines.  Those 
behind  are  coarse  molars.     The  dorsal  is  high,  of  flexible  spines. 


Fia   684.— Wolt-fiah,  Anarkiduu  luput  (L.).    Georges  Bank. 

The  Species  are  large,  powerful,  voracious  fishes,  known  as 
wolf-fishes.  Anarhichas  lupus  is  the  common  wolf-fish  of  the 
north  Atlantic,  reaching  a  length  of  four  to  six  feet,  the  body 


Fia.  686.— Skull  ot  Anarrhichthya  oetUatw  Ayres. 

marked  by  dark  cross-bands.     Other  similar  sped 
both  in  the  north   Pacific  and  north  Atlantir 
leptunis,  plain  brown  in  color,  is  common  abc 
Islands. 
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In  the  wolf-eel  (Anarrhickthys  ocellatus)  of  the  coast  of  Cali- 
fornia, the  head  is  formed  as  in  Anarhichas  but  the  body  is 
band-shaped,  being  drawn  out  into  a  very  long  and  tapering 
tail.  This  species,  which  is  often  supposed  to  be  a  "  sea-serpent," 
sometimes  reaches  a  length  of  eight  feet.  It  is  used  for  food. 
It  feeds  on  sea-urchins  and  sand-dollars  {Echinarackinius) 
which  it  readily  crushes  with  its  tremendous  teeth. 

The  skull  of  a  fossil  genus,  Laparus  (alticeps),  with  a  resem- 
blance to  Anarhichas,  is  recorded  from  the  Eocene  of  England. 

The  Eel-pouts:  Zoarcidfe. — The  remaining  blenny-like  forms 
lack  fin  spines,  agreeing  in  this  respect  with  the  codfishes  and 
their  allies.  In  all  of  the  latter,  however,  the  hypercoracoid 
is  imperforate,  the  pseudobranchiee  are  obsolete,  and  the  tail 
isocercal.  The  forms  allied  to  Zoarces  and  Ophidian,  and  which 
we  may  regard  as  degraded  blennies,  have  homocercal  (rarely 
leptocercal)  taib,  generally  but  not  always  well-developed  pseu- 
dobranchias  and  the  usual  foramen  in  the  hypercoracoid. 

The  ZoarcidtB,  or  eel-pouts,  have  the  body  elongate,  naked, 
or  covered  with  small  scales,  the  dorsal  and  anal  of  many  soft 
rays  and  the  gill-openings  confined  to  the  side.  Most  of  the 
species  live  in  rather  deep  water  in  the  Arctic  and  Antarctic 
regions.  Zoarces  viviparus,  the  "mother  of  eels,"  is  a  commcn 
fish  of  the  coasts  of  northern  Europe.     In  the  genus  Zoarces, 


036 — htl  pout,   Ziiartis   ari-jmltani    Puk.      Eaalport,   Me. 


the  last  rays  of  tiic  dorsal  are  short  and  stiH,  like  spines.  The 
species  are  viviparous:  the  young  being  ccl-like  in  form,  the 
name  "  mother  of  eels  "  has  naturally  arisen  in  popular  language. 
The  American  eel-pout,  sometimes  called  mutton-fish,  Zoarces 
anguillaris.  is  rather  common  north  of  Cape  Cod,  and  a  similar 
species,  Zoarces  clongaltis,  is  found  in  northern  Japan. 
Lycodopsis  pacifica,  without  spines  in  the  dorsal,  replaces 
Zoarces  in  California.     The  species  of  Lycodes,  without  spines 
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in  the  dorsal,  and  with  teeth  on  the  vomer  and  palatines,  are 
very  abundant  in  the  northern  seas,  extending  into  deep  waters 
farther  south.  Lycodes  relicu-htus  is  the  most  abundant  of 
these  fishes,  which  are  valued  chiefly  by  the  Esquimaux  and 


FlO.  687. — Eel-pout,  Lycoda  reticulalw  Reinhardt.     Baaquereau. 

other  Arctic  races  of  people.  Numerous  related  genera  are 
recorded  from  deep-sea  explorations,  and  several  others  occur 
about  Tierra  del  Fuego.  Gymnelis,  small,  naked  species  brightly 
colored,  is  represented  by  Gymnelis  viridis  in  the  Arctic  and 
by  Gymnelis  pictus  about  Cape  Horn. 


Fia.   988  — Lycenchelya  verriUi  (Goode  4  Bean).     Chebucto,  Nova  Scotia. 

The  family  of  Scytalinid<B  contains  a  single  species,  Scytalina 
cerdale,  a  small  snake-shaped  fish  which  lives  in  wet  gravel 
between  tide-marks,  on  Waada  Island  near  Cape  Flattery  in 
Washington,  not  having    yet  been  found  elsewhere.     It  dives 


Fra.  089  ^Scytalina  cerdaU  Jordan  4  Gilbert.     Straits  of  Fucft. 

amoi^  the  wet  stones  with  great  celerity,  and  can  only  be  1 
by  active  d^ging. 

To  the  family  of  Congrogadidas  belong  several  spedft. 
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eel-shaped  blennies  with  soft  rays  only,  found  on  the  coasts  of  Asia. 
Another  small  family,  Derepodichthyidis,  is  represented  by  one 
species,  a  scaleless  little  fish  from  the  shores  of  British  Columbia. 

The  XenocepkalidcB  consist  of  a  single  peculiar  species,  Xeno- 
cepkalus  armatus,  from  the  island  of  New  Ireland,  The  head 
is  very  lai^e,  helmeted  with  bony  plates  and  armed  with  spines. 
The  body  is  short  and  slender,  the  ventrals  with  five  rays,  the 
dorsal  and  anal  short. 

The  Cuak-eels:  Opbidiids.  —  The  more  important  family  of 
Opkidiid(B,  or  cusk-eels,  is  characterized  by  the  extremely  ante- 
rior position  of  the  ventral  fins,  which  are  inserted  at  the  throat, 
each  one  appearing  as  a  long  forked  barbel.    The  tail  is  lepto- 


Fia.  640. — CuBk-eel,  Rxttola  marginata  (De  Kay).    Virginia. 


cereal,  attenuate,  the  dorsal  and  anal  confluent  around  it.  Ophi- 
dian barbatum  and  Rissola  rochet  are  common  in  southern 
Europe.  Rissola  marginaia  is  the  commonest  species  on  our 
Atlantic  coast,  and  Chilara  taylori  in  California.  Other  species 
are  found  farther  south,  and  still  others  in  deep  water.  Genyp- 
terus  contains  numerous  species  of  the  south  Pacific,  some 
of  which  reach  the  length  of  five  feet,  forming  a  commercial 
substitute  for  cod.  Gcnyplcrus  capeusis  is  the  klipvisch  of  the 
Cape  of  Good  Hope,  and  Geiiyplertis  aitslrah's  the  "Cloudy  Bay 
cod     or     rick  hng       t  \l  \  Fi  ^1  nl       \i  other  large  species 


Fio    S41  - 


jodap 


Genyptcr  is  mac  thi  i  ccurs  in  Chile  -^  f c  \  frigments  doubt 
fully  referred  to  Ophidian  and  Ficrasfer  occur  m  the  Eocene  and 
later  rocks.  The  Lycodapodidcc  contain  a  few  small,  scaleless 
fishes  (Lycodapits)  dredged  in  the  north  Pacific. 
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Sand-lances:  Ammodytida.  —  Near  the  Ophidiid<B  are  placed 
the  small  family  of  sand-lances  {Ammodytidis).  This  family  com- 
prises small,  slender,  silvery  fishes,  of  both  Arctic  and  tropical 
seas,  living  along  shore  and  having  the  habit  of  biirying  them- 
selves in  the  sand  under  the  surf  in  shallow  water.  The  jaws 
are  toothless,  the  body  scarcely  scaly  and  crossed  by  many  cross- 
folds  of  skin,  the  many-rayed  dorsal  fin  is  without  spines,  and 
the  ventral  fins  when  present  are  jugular.  The  species  of  the 
family  are  very  much  alike.  From  their  great  abundance  they 
have  sometimes  much  value  as  food,  more  perhaps  as  bait,  still 
more  as  food  for  salmon  and  other  fishes,  from  which  they 
escape  by  plunging  into  the  sand.      Sometimes  a  falling  tide 


Fio.  642.— Sand-lance,  . 


nmodytei 


De  Kay.    Nantucket. 


leaves  a  sandy  beach  fairly  covered  with  living  "lants"  looking 
like  a  moving  foam  of  silver.  Ammodytes  tobiantis  is  the  sand-  , 
lance  or  lant  of  northern  Europe.  Ammodytes  americanus, 
scarcely  distinguishable,  replaces  it  in  America;  and  Ammodytes 
personatus  in  California,  Alaska,  and  Japan.  This  is  a  most 
excellent  pan  fish,  and  the  Japanese,  who  regard  little  things, 
value  it  h^hly. 

In  the  genus  Hyperoptus  there  is  a  la^e  tooth  on  the 
vomer.  In  the  tropical  genera  there  is  a  much  smaller  number  of 
vertebras  and  the  body  is  covered  with  ordinary  scales  instead 


FiQ.  648. — Emboliddhys  miUakurii  (Jordan  &  Evermann).    Formooa. 


of  delicate,  oblique  cross-folds  of  skin.     These  tropical  sped" 
must  probably  be  detached  from  the  Ammodytida  to  £0 
distinct  family,  Bleekeriid<E.     Bleekeria  kallolepis   is  £01 
India,    Bleekeria  gilU  is  from   an  unknown  locality,  az 
most  primitive  species  of  sand-lance,  Embolichtkys  mitstu 
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occurs  in  Formosa.  In  this  species,  alone  of  the  sand-lances, 
the  ventral  fins  are  retained.  These  are  jugular  in  position, 
as  in  the  Zoarcidcs,  and  the  rays  are  I,  3.  The  discovery  of 
this  species  makes  it  necessary  to  separate  the  AmmodytidtB 
and  BleekeriidcE  widely  from  the  Percesoces,  and  especially  from 
the  extinct  families  of  Crossognathidir  and  Cobitopstdw  with  which 
its  structure  in  other  regards  has  led  Woodward,  Boulenger,  and 
the  present  writer  to  associate  it. 

Although  an  alleged  sand-lance,  RJtynchias  sepHpinnis,  with 
ventral  fins  abdominal,  was  described  a  century  ago  by  Pallas, 
no  one  has  since  seen  it,  and  it  may  not  exist,  or,  if  it  exists,  it 
may  belong  among  the  Percesoces.  The  relation  of  Ammodytes 
to  Embolichihys  is  too  close  to  doubt  their  close  relationship. 
According  to  Dr.  Gill  the  AmmodytidtE  belong  near  the  Heme- 
rocwtidis. 

The  Peaxlfishes:  Fierasferidc. — In  the  little  group  of  pearl- 
fishes,  called  FierasferidcB  or  Carapida,  the  body  is  eel-shaped 


with  a  rather  large  head,  and  the  vent  is  at  the  throat.  Numer- 
ous species  of  Fierasfer  (Carapiis)  are  found  in  the  warm  seas. 
These  little  fishes  enter  the  cavities  of  sea-cucumbers  (Holo- 
thurians)  and  other  animals  which  offer  shelter,  being  frequently 
taken  from  the  pearl-oyster.     In  the  Museum  of  Comparative 


The  Blennies:     Blenniidie  733 

Zoology,  according  to  Professor  Putnam,  is  "one  valve  of  a 
pearl-oyster  in  which  a  specimen  of  Fierasfer  dubius  is  beauti- 
fully inclosed  in  a  pearly  covering  deposited  on  it  by  the 
oyster."  A  photograph  of  a  similar  specimen  is  given  above. 
The  species  found  in  Holothurians  are  transparent  in  texture, 
with  a  bright  pearly  luster.  Species  living  among  lava  rocks, 
as  Jordanicus  umbraliUs  of  the  south  seas,  are  mottled  black. 
Since  this  was  written  a  specimen  of  this  black  species  has  been 
obtained  from  a  Holothurian  in  Hilo,  Hawaii,  by  Mr.  H.  W. 
Henshaw. 


The  Brotulide. — The  BTotulidte  constitute  a  large  family  of 
fishes,  resembling  codfishes,  but  differing  in  the  character  of 
the  hypercoracoid,  as  well  as  in  the  form  of  the  tail.  The 
resemblance  between  the  two  groups  is  largely  superficial.  We 
may  look  upon  the  Broiulida  as  degraded  blennies,  but  the 
GadidcB  have  an  earlier  and  different  origin  which  has  not  yet 
been  clearly  made  out.  Most  of  the  BrotultdcB  live  in  deep 
water  and  are  without  common  name  or  economic  relations. 
Two  species  have  been  landlocked  in  cave  streams  in  Cuba, 
where  they  have,  like  other  cavefishes,  lost  their  sight,  a  phenom^ 
enon  which  richly  deserves  careful  study,  and  which  has  bee 
recently  investigated  by  Dr.  C.  H.  Eigenmann.    These  bfiii> 
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Brotulids,  called  Pez  Ciego  in  Cuba,  are  found  in  different  caves 
in  the  county  of  San  Antonio,  where  they  reach  a  length  of 
about  five  inches.     As  in  other  blindfishes,  the  body  is  translu- 


FiG.  646. — Brolula  barbata  Schneider.     Cub&. 


cent  and  colorless.  These  species  are  known  as  Liictfitga  sub- 
terranea  and  Stygicola  dentata.  They  are  descended  from  aUies 
of  the  genera  called  Brotula  and  Dinemattchthys.  Brotula  bar- 
bata  is  a   ciisk-like   fish,   occasionally   found  in  the  markets  of 


Havana.  Similar  species,  Brotula  muUibarbala  and  Sireinbo 
inermis,  are  common  in  Japan,  and  Brosmophycis  marginalus, 
beautifully  red  in  color,  is  occasionally  seen  on  the  coast  of 
California.  Many  other  genera  and  species  abound  in  the 
depths  of  the  sea  and  in  crevices  of  coral  reefs,  shewing  much 
variety  in  form  and  structure. 

The  Bregmacerotida:  are  small  fishes,  closely  related  to  the 
Brotulids,  having  the  hypercoracoid  perforate,  but  with  sev- 
eral minor  peculiarities,  the  first  ray  of  the  dorsal  being  free 
and  much  elongate.  They  live  near  the  surface  in  the  open 
sea.     Bregmaceros  tnacdellandi  is  widely  diffused  in  the  Pacific. 
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Ateleopodidn. — The  small  family  of  Ateleopodidee  includes  long- 
bodied,  deep-water  fishes  of  the  Pacific,  resembling  Macrourus, 
but  with  smooth  scales.  The  group  has  the  coracoids  as  in 
BrotulidtB,  and  the  actinosts  are  united  in  an  undivided  plate. 
Ateleopus  japonicus  is  the  species  taken  in  Japan. 

Suborder  Haplodoci. — We  may  here  place  the  peculiar  family 
of  Batrachoidida,  or  toadfishes.  It  constitutes  the  suborder 
of  Haplodoci  {anXoos,  simple;  Sokos,  shaft)  from  the  sim- 
ple form  of  the  post-temporal.  This  order  is  characterized 
by  the  undivided  post-temporal  bone  and  by  the  reduction 
of  the  gill-arches  to  three.  A  second  bone  behind  the  post- 
temporal  connects  the  shoulder-girdle  above  to  the  vertebral 
column.  The  coracoid  bones  are  more  or  less  elongate,  suggest- 
ing the  arm  seen  in  pediculate  fishes. 

The  single  family  has  the  general  form  of  the  Cottidee,  the 
body  robust,  with  large  head,  large  mouth,  stroi^  teeth,  and 
short  spinoiis  dorsal  fin.  The  shoulder-girdle  and  its  structures 
differ  Uttle  from  the  blennioid  tjrpe.  There  are  no  pseudo- 
branchise  and  the  tail  is  homocercal.  The  species  are  relatively 
few,  chiefly  confined  to  the  warm  seas  and  mostly  American, 
none  being  foimd  in  Europe  or  Asia.  Some  of  them  ascend 
rivers,  and  all  are  carnivorous  and  voracious.     None  are  valued 


Flo.  648  —Leopard  Toadfish,  Optanw  pardut  (Goode  &  Bean).     Pensacola. 


as  food,  being  coarse-grained  in  flesh.     The  group  is  probably 
nearest  allied  to  the  Trachinid<B  or  UranoscopidtB. 

Opsanus  tait,  the  common  toadfish,  or  oyster-fish,  of  our 
Atlantic  coast,  is  very  common  ia.JQCta'-  places,  the  young 
clinging  to  stones  by  a  sudqQBfU^^^^^HftMttbJS.  structure 
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which  is  early  lost.  It  reaches  a  length  c^  about  fifteen  inches. 
Opsanus  pardus,  the  leopard  toadfish,  or  sapo,  of  the  Gulf  coast, 
lives  in  deeper  water  and  is  prettily  marked  with  dark-brown 
spots  on  a  light  yellowish  ground. 

In  Opsanus  the  body  is  naked  and  there  is  a  large  foramen, 
or  mucous  pore,  in  the  axil  of  the  pectoral.  In  the  Marcgravia 
cryptocentra,  a  large  Brazilian  toadfish,  this  foramen  is  absent. 
In  Batrachoides,  a  South  American  genus,  the  body  is  covered 
with  cycloid  scales.  Batrachoides  surinamensis  is  a  common 
species  of  the  West  Indies.  Batrachoides  pacifici  occurs  at 
Panama.  The  genus  Porichthys  is  remarkable  for  the  develop- 
ment of  series  of  mucous  pores  and  luminous  spots  in  several 
different  lateral  lines  which  cover  the  body.  These  limiinous 
spots  are  quite  imlike  those  found  in  the  lantern-fishes 
{Myctophidce)  and  other  Iniomi,  Their  structiu*e  has  been 
worked  out  in  detail  by  Dr.  Charles  Wilson  Greene. 

The  common  midshipman,  or  singing  fish,  of  the  coast  of 
California  is  Porichthys  notattis.  This  species,  named  mid- 
shipman from  its  rows  of  shining  spots  like  brass  buttons,  is 
fotmd  among  rocks  and  kelp  and  makes  a  peculiar  quivering 
or  humming  noise  with  its  large  air-bladder. 

Porichthys  porosissimus,  the  bagre  sapo,  is  common  on 
all  coasts  of  the  Gulf  of  Mexico  and  the  Caribbean  Sea.    Po- 


FiG.  649  — Singing  Fish  or  Bagre  Sapo,  Porichthys  porosissimus  (Cuw  <fe  Val.). 

Galveston. 

richthys   margaritatus  is   found   about  Panama  and  Porichthys 
porosiis  in  Chile. 

The  species  of  Thalassophryne  and  Thalassothia,  the  poison 
toadfishes,  are  fovind  along  the  coasts  of  South  America,  where 
they   sometimes  ascend  the  rivers.     In  these  species  there  is 
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an  elaborate  series  of  venom  ;(lonrl<;  rr»nnprtfvl  ^?A\h  t^p  holloT".' 
spines  of  the  opercle  anrl  the  flors?il  spine*;  l)r  <\<yr\\\\rr  i(iv^<; 
the  following  account  of  t.his  ^trurturp  rm  sHot^ti  in  Vhnln^^f^. 
phryyie  reticulata,  a  specioj;  from   IVinfima* 

**  In  this  species  I  tirst  •  >l^»ser\''>d  :tr}r\  rlr»qp1y  "vftrninM  -h^ 
poison  organ  with  which  the  }i5;hr-<;  of  :his  '^'enM<«  'T"  :>roviHr'1 
Its  structure  is  «'is  follows:  ii  The  o|'>emi1?»r  ;»Hr*-  'I*h^  r>prr 
cuium  is  very  narrow.  verXAcxiWv  st.v|ifr)rm  ^md  \-''^v  to^'WI^:  !♦■  ic: 
armed  behind  with  a  spine,  cic^ht  iin^*;  long:  in  f*  <T)0'-in?^n  nf  yoj 
inches,  and  of  the  same  form  ;«>;  ihp  -.'^'nr.m  ^'^pa  ^,f  -,  '-n'lVr;  it 
is,  however,  somewhat  ',«•,<«  urw.rl  .pipc/  orlv  ■ilic'h^lv  !>'^nt 
upward.  It  has  a  loneish  -lit  .-t  :■»<»  .Mit^-r  ~iri^  ..r  it^  ..y^romi^v 
which  leads  into  -i  anni  .-rri-rtlv  ir.q^H  n^i  -MTir>^r>^  Onnrr 
the  whole  Kmc^h  «  f  :*..s   =-;r*'r^ir *  .rwti#^   :ntr/./t,,r»,.^^  jpto  ihr 

canal  reappears  'hroiiirh  .:r.oth.'r  .npnmc/  .*■  ''^^  '/.op  ..r  ^Up 
soine,  entering:  into  .-:  ■-.!<■•    a.ijnt*-fi  <  n  j-u*  ,'.r^r,A^  -..t,,]  -.lo-^c'  ♦bn 

hasal   halt   of    the  ■:nme        *hr.  ':.u-    :.   '   f    -.n  ..Kl/,r.rr.r,--'.  +  r.  ^^.n^^^r  r^rr^ 

about  .lonble  -he   -ize  rt      n   .  'it    -rr.-.n       V-w.iirri,   .■■..,.     Mr^.^r-r^.^ 
had  been  nreserw-d  in  -^nint^  ;  -r  -  ^.^.nt  ^  in^  ir./.nfnc  ;«  -t^-n  ,-,,.. 
tained  a  ^vhitish   ^nh^t.-mcr.     •    ■    •■  .    .^octi^r.,.-..-  .f  I'-.v-V  -  .v.^ 
which  on  t!ir  ^Mijrht.r*st.  ■  ^i-^^uu-  •  •.•'^iv     ..^v.ri   r.-,.tv.   .„.  ,,,,o,.;,.rf 

in  the  extremitv  .  r  '"if  '^-.inr         -■  ■'  •■  ■  ---t-  :  .r,.i    <•., n  r.^^y] 

he  easily  f.llod    "ith  .-ir  ■  -  '  ^n.i  ''-"^^  ■'  "  ■■^'"^ ♦'  '--^  '••i^^ 

XO    eland    ronld     ^  t^    .:isrnvr-rpM     i-.     '■■•-*     .   nm^^tl-.to    -..wr>,|,r.-V.nr.'1 


::ienr  ;-  :  i.t*  -.irrif  '■>  ■'■  ' 
front-  ^;,),.  .- .•  •    ,•  •    ,i''i 

Suborder     A«»nnnterrqrii 
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to  a  spine-like  projection,  and  the  vertebne  are  numerous.  The 
species  are  found  in  tide-pools  in  the  wann  seas,  where  they 
cling  tightly  to  the  rocks  with  their  large  ventral  disks. 


PiQ.   650.— .-Ispasina 


Jer.     WukaQount,  Japan. 


Several  species  of  Lepadogaster  and  Mirbelia  are  found  in 
the  Mediterranean.  Lepadogaster  goiiani  is  the  best-known 
European  species.  Aspasma  ciconia  and  minima  occur  about 
the  rocks  in  the  bays  of  Japan. 

Most  of  the  West  Indian  species  belong  to  Gobiesox,  with 
entire  teeth,  and  to  Arbaciosa,  with  serrated  teeth.     Some  of  these 


Flo    661  — CliDgfiah    Caularckiu  maandntju  (Girard)      Monterey,  Cal. 


Species  are  deep  crimson  in  color,  but  most  of  them  are  dull 
olive.  Gobiesox  virgatulus  is  common  on  the  Gulf  Coast.  Cau- 
larchus  m^sandricii's,  a  very  large  species,  reaching  a  length  of 
six  inches,  abounds  along  the  coast  of  California.  Other  genera 
are  found  at  the  Cape  of  Good  Hope,  especially  about  New 
Zealand.  Ghorisockismiis  dentex,  from  the  Cape  of  Good  Hope, 
reaches  the  length  of  a  foot. 


CHAPTER  XLV 

OPISTHOMI   AND    ANACANTHINI 

^  RDER  Opisthomi. — The  order  Opisthotni  {oxKrdtf,  behind  ; 
(w/io?,  shoulder)  is  characterized  by  the  general  traits 
of  the  blennies  and  other  elongate,  spiny-rayed 
fishes,  but  the  shoulder-girdle,  as  in  the  Apodes  and  the 
Heteromi,  is  inserted  on  the  vertebral  column  well  behind  the 
skull. 

The  single  family,  Mastacembelida;.  is  composed  of  eel-shaped 
fishes  with  a  large  mouth  and  projecting  lower  jaw,  inhabiting 
the  waters  of  India,  Africa,  and  the  East  Indies.  They  are 
small  in  size  and  of  no  economic  importance.  The  dorsal  is 
long,  with  free  spines  in  front  and  there  are  no  ventral  fins. 
Were  these  fins  developed,  they  should  in  theory  be  jugiJar  in 
position.  There  is  no  air-duct  in  Mastacejiibchis  and  it  seems 
to  be   a   true   spiny-rayed   fish,   having  no   special  relation   to 


Fig.  ^Si.—Mastacembelua  ellipaijer  Boulenger.    Congo  Itiver.     (After  Boulenger.) 

either  Notacanthus  or  to  the  eels.  Except 'for  the  separation 
of  the  shoulder-girdle  from  the  skull,  there  seems  to  be  no 
reason  for  separating  them  far  from  the  Blennioid  forms,  and 
the  resemblance  to  Notacanthus  seems  wholly  fallacious. 

Mastacembelus  armaius  is  a  common  species  of  India  and 
China,  In  Rkynchobdella  the  nasal  aj^pendage  or  proboscis,  con- 
spicuous in  Mastacembelus,  is  still  more  developed,  Rky\ 
della  aculeaia  is  ccmmon  in  India. 

Order    Anacanthini. — We    may     separate    from 
jugular  fishes  the  great  group  of  codfishes  and  ■ 
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retaining  the  name  Anacanthini  {ayaxarOos,  without  spine) 
suggested  by  Johannes  Muller.  In  this  group  the  hyper- 
coracoid  is  without  foramen,  the  fenestra  lying  between  this 
bone  and  the  hypocoracoid  below  it.  The  tail  is  isocercal,  the  , 
vertebrae  in  a  right  Hne  and  progressively  smaller  backward, 
sometimes  degenerate  or  whip-like  (leptocercal)  at  tip.  Other 
characters  are  shown  in  the  structure  of  the  skull.  There  are 
no  spines  in  any  of  the  fins ;  the  ventrals  are  jugular,  the  scales 
generally  small,  and  the  coloration  dull  or  brownish.  The 
numerous  species  live  chiefly  in  the  northern  seas,  some  of 
them  descending  to  great  depths.  The  resemblance  of  these 
fishes  to  some  of  the  Blennioid  group  is  very  strongly  marked,  but 
these  likenesses  seem  analogical  only  and  not  indicative  of  true 
affinity.  The  codfishes  probably  represent  an  early  offshoot  from 
the  ancestors  of  the  spiny-rayed  fishes,  and  their  line  of  evolution 
is  imknown,  possibly  from  Ganoid  types.  Among  recent  fishes 
there  is  nothing  structurally  nearer  than  the  NototheniidtB  and 
BratulidcB,  but  the  line  of  descent  must  branch  off  much  farther 
back  than  either  of  these.  For  the  present,  therefore,  we  may  re- 
gard the  codfishes  and  their  allies  {Anacanthini)  as  a  distinct  order. 
The  Codfishes :  Gadidse. — The  chief  family  is  that  of  the  GadidtB, 
or  codfishes.  These  are  characterized  by  a  general  resemblance 
to  the  common  codfish.  Gadtis  callarias.    This  is  one  of  the  best 


Fic.  653. — Codfish,  Gadiis  callarias  L.     Eastport,  Me. 


known  of  fishes,  found  e\'er>'wherL"  on  the  shores  of  the  North 
Atlantic,  and  the  subject  of  economic  fisheries  of  the  greatest 
importance.  Its  flesh  is  white,  flaky,  rather  tasteless,  but  takes 
salt  readily,  and  is  peculiarly  well  adapted  for  drying.  The 
average  size  of  the  codfish  is  about  ten  pounds,  but  Captain 
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Nathaniel  Atwood  of  Provincetown  records  one  with  the  weight 
of  160  pounds. 

"The  cod  ranks  among  the  most  voracioxis  of  ordinary 
fishes,  and  almost  everything  that  is  eatable,  and  some  that 
is  not,  may  find  its  way  into  its  capacious  maw." 

"The  codfish  in  its  mode  of  reproduction  exhibits  some 
interestii^  peculiarities.  It  does  not  come  on  the  coast  to 
spawn,  as  was  once  supposed,  but  its  eggs  are  deposited  in  mid- 
sea  and  float  to  the  siu^ace,  although  it  does  really,  in  many 
cases,  approach  the  land  to  do  so.  Prof.  C.  O.  Sars,  who  has 
discovered  its  peculiarities,  'found  cod  at  a  distance  of  twenty 
to  thirty  Norwegian  miles  from  the  shore  and  at  a  depth  of 
firom  one  hixndred  to  one  hundred  and  fifty  fathoms.'  The 
^gs  thus  confided  to  the  mercy  of  the  waves  are  very  numerous ; 
as  many  as  9,100,000  have  been  calculated  in  a  seventy-five- 
pound  fish.  '  When  the  eggs  are  first  seen  in  the  fish  they  are 
so  small  as  to  be  hardly  distinguishable;  but  they  continue 
to  increase  in  size  until  mattuity,  and  after  impregnation  have 
a  diameter  depending  upon  the  size  of  the  parent,  varying 
from  one-nineteenth  to  one-seventeenth  of  an  inch.  A  five- 
to  eight-pound  fish  has  eggs  of  the  smaller  size,  while  a  twenty- 
five-pound  one  has  them  between  an  eighteenth  and  a  seven- 
teenth.' There  are  about  190,000  eggs  of  the  smaller  size  to 
a  poxmd  avoirdupois.  They  are  matured  and  ejected  from  Sep- 
tember to  November," 

Unlike  most  fishes,  the  cod  spawns  in  cooling  water,  a  trait 
ajso  found  in  the  salmon  family. 

The  liver  of  the  cod  yields  an  easily  digested  oil  of  great 
value  in  the  medical  treatment  of  diseases  causing  emaciation. 

The  Alaska  cod,  Gadiis  macrocephalns,  is  equally  abundant 
with  the  Atlantic  species,  from  which  it  differs  very  slightly, 
the  air-bladder  or  sounds  being  smaller,  according  to  the  fisher- 
men, and  the  head  being  somewhat  larger.  This  species  is  found 
from  Cape  Flatter^'  to  Hakodate  in  Japan,  and  is  very  abundant 
about  the  Aleutian  Islands  and  especially  in  the  Okhotsk  Sta. 
With  equal  markets  it  would  be  as  important  commercially 
as  the  Atlantic  cod.  In  the  codfish  {Gadus)  and  relAte4  genera 
there  are  three  dorsal  and  two  anal  fins.  In  th*  codfish  the 
lateral  line  is  pale  and  the  lower  jaw  shorter  than  ili^ini^ 
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The  haddock  {M etanogrammus  erglifinus)  closely  resembles 
the  cod  and  is  of  similar  quality  as  food.  It  is  known  at  sight 
by  the  black  lateral  line.  It  is  found  on  both  shores  of  the 
Atlantic  and  when  smoked  is  the  "  finnan  haddie  "  of  commerce. 


Fig.  654,— Haddock,  Melanogrammtu  ofjlifinus  <L.).     Eastport,  Mo. 

The  pollack,  coalfish,  or  green  cod  (Pollairhius  carbonarius) 
is  also  common  on  both  shores  of  the  north  Atlantic.  It  is  darker 
than  the  cod  and  more  lustrous,  and  the  lower  jaw  is  longer, 
with  a  smaller  barbel  at  tip.  It  is  especially  excellent  when 
fresh. 

The  whiting  {Merlangus  merlangits)  is  a  pollack-like  fish  cora- 
inon  on  the  British  coasts,  but  not  reaching  the  American  shores. 


Fio.   &G5. — Pollock,  Theragra  chakogramma  (Pallaa).     ShumAgtn  I.,  Alaska. 


It  is  found  in  lai^e  schools  in  sandy  bays.  The  Alaska  pollack 
{Theragra  chakogramma)  is  a  large  fish  with  projecting  lower  jaw, 
widely  diffused  in  the  north  Pacific  and  useful  as  a  food-fish  to 
the  Aleutian  peoples.  It  furnishes  a  large  part  of  the  food  of 
the  fur-seal  {Callorhinus  alascaniis  and  C.  tirsinus)  during  its 
migrations.     The  fur-seal  rarely  catches  the  true  codfish,  which 
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swims  near  the  bottom.  The  wall-eyed  pollack  {Theragra 
fitcensis)  is  found  about  Puget  Sound.  Smaller  codfishes  o£ 
this  type  are  the  wachna  cod  (Eleginus  navaga)  of  Siberia  and 
the  Arctic  codling  {Boreogadus  saida),  both  common  about  Kam- 
chatka, the  latter  crossing  to  Greenland, 

Several  dwarf  codfishes  having,  like  the  true  cod,  three  dor- 
sal fins  and  a  barbel  at  the  chin  are  also  recorded.  Among 
these  are  the  tomcod,  or  frostfish,  of  the  Atlantic  (Microgadus 
tomcod).  the  California  tomcod  (Microgadus  proximus),  and 
MicromcsisttHS  poutassou  of  the  Mediterranean.  These  little 
cods  are  valued  as  pan  fishes,  but  the  flesh  is  soft  and  without 
much  flavor. 

Other  cod-like  fishes  have  but  two  dorsals  and  one  anal  fin. 
Many  of  these  occur  in  deep  water.  Among  those  living  near 
shore,  and  therefore  having  economic  value,  we  may  mention  a 
few  of  the  more  prominent.  The  codlii^  {Urophycis)  are  repre- 
sented by  numerous  species  on  both  shores  of  the  Atlantic. 


Flo.  DM.— Tomcod,  Mierogadv  Umrod  (WBlbAum).     Wooda  Hole,  Mua. 

Urophycis  blennoides  is  common  in  the  Mediterranean.  Uro- 
phycis regius,  on  our  South  Atlantic  coast,  is  said  to  exhibit 
electric  powers  in  life,  a  statement  that  needs  verification. 
In  the  Gulf  of  Mexico  Urophycis  fioridanus  is  common.  Far- 
ther north  are  the  more  important  species  Urophycis  tenuis, 
called  the  white  hake,  and  Urophycis  chuss,  the  squirrel-hake. 
The  ling  {Molva  molva)  is  found  in  deep  water  about  the  North 
Sea. 

A  related  genus,  Lota,  the  burbot,  called  also  ling  and,  in 
America,  the  lawyer,  is  foimd  in  fresh  waters     This  genus  con- 
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tains  the  only  fresh-water  members  of  the  group  of  Anacanthini. 

The  European  burbot,  Lota  lota,  is  common  in  the  streams 
and  lakes  of  northern  Europe  and  Siberia.  It  is  a  bottom  fish, 
coarse  in  flesh  and  rather  tasteless,  eaten  sometimes  when  boiled 
and  soaked  in  vinegar  or  made  into  salad.  It  is  dark  olive  in 
color,  thickly  marbled  with  blackish. 

The  American  burbot,  or  lawyer  (Lofa  maculosa),  is  very 
much  like  the  European  species.  It  is  found  from  New  Eng- 
land throughout  the  Great  Lakes  to  the  Yukon.  It  reaches  a 
length  of  usually  two  or  three  feet  and  is  little  valued  as  food 
in  the  United  States,  but  rises  much  in  esteem  farther  north. 
The  iiver  and  roe  are  said  to  be  dehcioiw.  In  Siberia  its  skin 
is  used  instead  of  glass  for  windows.  In  Alaska,  according  to 
Dr.  Dall.  it  reaches  a  length  of  six  feet  and  a  weight  of  sixty 
poiinds. 


FiQ.   857— Burbot,  Lota  maeidosa  (Le  Sueur).     New  York. 

The  rocklings  {Gaidropsarus  and  Enchelyopus)  have  the 
first  dorsal  composed  of  a  band  of  fringes  preceded  by  a  single 
ray.  The  species  are  small  and  slender,  abounding  chiefly  in  the 
Mediterranean  and  the  North  Atlantic.     The  yoimg  have  been 


called  "mackerel-midges."     Our  commonest  species  is  Enchely- 
opus cintbrius,  found  also  in  Great  Britain. 

The  cusk,  or  torsk,  Brosme  brosme,  has  a  single  dorsal  fin 
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only.  It  is  a  large  fish  found  on  both  shores  of  the  North  Atlan- 
tic, but  rather  rare  on  our  coasts. 

Fossil  codfishes  are  not  numerous.  Fragments  thought  to 
belong  to  this  family  are  found  in  English  Eocene  rocks. 

Nemopteryx  troscheli,  from  the  Oligocene  of  Glarus,  has  three 
dorsal  fins  and  a  lunate  caudal  fin.  Other  forms  have  been 
referred  with  more  or  less  doubt  to  Gadtts,  Brosmius,  Strinsia, 
and  MelaHogrammus. 

Gill  separates  the  "three-forked  hake"  {Raniceps  trifur- 
cus)  of  northern  Europe  as  a  distinct  family,  RanicipitidcB.  In 
this  species  the  head  is  very  large,  broad  and  depressed,  differ- 
ing in  this  r^ard  firom  the  codlings  and  hakes,  which  have  also 
two  dorsal  &is.  The  deep-water  genus,  Batiiyonus,  is  also 
regarded  as  a  distinct  family,  Bathyonid<E. 

The  H«kes:  Heriuclide. — Better  defined  than  these  families 


FlO.  no.  — Califomui  Hake,  Merliuxiut  produtiiit  (Ajrrea).     SeftttU. 


is  the  family  of  hakes,  McrUicUdw.  These  pike-like  codfishes 
have  the  skull  peculiarly  formed,  the  frontal  bones  being  paired, 
excavated  above,  with  diverging  crests  continuous  forward 
from  the  forked  occipital  crest.  The  species  are  large  fishes, 
very  voracious,  without  barbels,  with  the  skeleton  papery  and 
the  flesh  generally  soft.  The  various  species  are  all  very  much 
alike,  large,  ill-favored  fishes  with  strong  teeth  and  a  ragged 
appearance,  the  flesh  of  fair  quality,  Merluccius  titerlnccins, 
the  hake  or  stock-fish,  is  common  in  Europe ;  Merlttccius  bilinearis, 
the  silver  hake,  is  common  in  New  England,  Merluccius  pro- 
duclus  in  California,  and  Merluccius  gayi  in  Chile. 

The   Grensdien:   Macrouiida.  —  The  large    family  of   grena- 
diers, or  rat-taib,  Macrottrida.  is  confined  entirely  to  the  oceanic 
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depths,  especially  of  the  north  Atlantic  and  Pacific.  The  head  is 
farmed  much  as  in  the  codfishes,  with  usually  a  barbel  art  the  chin. 
There  are  two  dorsals,  the  second  like  the  anal  being  low,  but 
the  leptocercal  tail  is  very  long  and  tapering,  ending  in  a  fila- 


ment without  caudal  fin.  The  scales  are  usually  rough  and 
spinous.  The  species  are  usually  large  in  size,  and  dull  gray  or 
black  in  color. 

The    best-known  genus   is  Macrourus.     Macrourus  berglax 
is  found   on  both   shores  of  ■  the  north  Atlantic.    Macrourus 


Fig.  661  .—Grenadier,  Ca-lorh-jni-ln,.':  carminntus  GooUe  &  Bcaii.     Mnrtlift's  Vineyard. 


bairdi  is  abundant  in  dll-shoredrcdgings  from  CapeCod  toCuba. 
Ihicrotiriis  ctiicrciis,  the  pop-eye  grenadier,  outnumbers  all  other 
fishes  in  the  depths  of  Bering  Hca.  Ca-lorhynchus  japoniciis  is 
often  taken  by  fisherman  in  Ja|ian.  Cvryphcritoidcs  rupestris 
is  common  in  the  north  Atlantic,  Hogoslovius  clarki  and 
Albairossia  pcctoralis  were  dredged  by  the  Albatross  about  the 
volcanic  island  of  Bogoslof.  Tmcliyrliyiichits  iracliyrhyiicliits 
is  characteristic  of  the  Mediterranean.  Ncmalominis  goodei  is 
conmion  in  the  Gulf  Stream,  and  Dolloa  loiigifilis  is  found  off 
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CHAPTER  XLVI 

OKDER  PEDICULATt:    THE  ANGLERS 

I  An^vr-fbhN. — ^The  few  remaming  fishes  poo  sew  alio 
jugular  ventral  fins,  bttt  In  other  r^aids  th^  show  so 
many  peculiarities  of  structure  that  we  may  well  ooq- 
sider  them  as  forming  a  distinct  order,  Pedictdati  (petUcula, 
a  foot-stalk),  although  the  relation  of  these  foims  to  the 
Bairachoidida  seems  a  very  close  one. 

-  The  most  salient  character  of  the  group  is  the  reductioa  and 
backward  inserticm  of  the  gill-opening,  which  is  behind  the 
pectoral  fins,  not  in  front  of  them  as  in  all  other  fishes.  The 
hyptxoracoid  and  hypercoracpid  are  much  elongate  and  ffeatiy 
changed  in  form,  so  that  the  pectoral  fin  is  borne  on  the  end  of  a 
sort  of  arm.  The  large  ventrals  are  similarly  more  or  less  ex- 
serted.  Hie  spinous  dorsal  is  much  reduced,  the  first  spine 
being  modified  to  form  a  so-called  fishing-rod,  projecting  over 
the  mouth  with  a  fleshy  pad,  lure,  or  bait  at  its  tip.  The  form 
of  the  body  varies  much  in  the  different  families.  The  scales 
are  lost  or  changed  to  prickles  and  the  whole  aspect  is  very 
singular,  and  in  many  cases  distinctly  frog-like.  The  species  are 
mostly  tropical,  some  living  in  tide-pools  and  about  coral  reefs, 
some  on  sandy  shores,  others  in  the  oceanic  abysses. 

The  nearest  allies  of  the  Pediculates  among  normal  fishes 
are  probably  the  Batrachoidida.  One  species  of  LophiidtB  is 
recorded  among  the  fossils,  Lophius  brachysomus,  from  the 
Eocene  of  Monte  Bolca.  No  fossil  Antennariida  are  known. 
Fossil  teeth  from  the  Cretaceous  of  Patagonia  are  doubtfully 
named  "Lophius  patagonicus." 

The  Fishing-frogs:  Lopbiide. — In  the  most  generalized  family, 
that  of  the  fishing-frogs  {LophiidcB),  the  body  is  very  much 
depressed,  the  head  the  largest  part  of  it.  The  mouth  is  exces- 
sively wide,  with  strong  jaw-muscles,  and  strong  sharp  teeth. 
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The  skin  is  smooth,  with  dermal  flaps  about  the  head.  Over  the 
mouth,  like  a  fishing-rod,  hangs  the  first  dorsal  spine  with  a  lure 
at  the  tip.  The  fishes  he  flat  on  the  bottom  with  sluggish  move- 
ments except  for  the  convulsive  snap  of  the  jaws.  It  has  been 
denied  that  the  bait  serves  to  attract  small  fishes  to  their  destruc- 
tion, but  the  current  belief  that  it  does  so  is  certainly  plausible. 

Mr.  Saville  Kent  recently  expressed  doubt  as  to  whether  the 
fishing-frogs  really  use  the  first  spine  for  purposes  of  angling. 
In  no  other  group,  however,  is  the  coloring  more  distinctly 
that  of  the  rocks  and  alga;  among  which  the  fishes  lurk. 

The  great  fishing-frog  of  the  North  Atlantic,  Lophitu  piscato- 
rius,  is  also  known  as  angler,  monkfish,  goosefish,  alhnouth, 


F^o.  MS. — Ankoor Filling-frog,  LopAtiMlifufoft (Jordan).    Hatsushimft  Bajr,  Jftpan. 


wide-gape,  kettleman,  and  bellows-fish.  It  is  common  in  shal- 
low water  both  in  America  and  Europe,  raiding  southward  to 
Cape  Hatteras  and  to  the  Mediterranean.  It  reaches  a  length 
of  three  feet  or  more.  A  fisherman  told  Mr.  Goode  that  "he 
once  saw  a  struggle  in  the  water,  and  found  that  a  goosefish  had 
swallowed  the  head  and  neck  of  a  large  loon,  which  had  pulled 
it  to  the  surface  and  was  trying  to  escape.  There  is  authentic 
record  of  seven  wild  ducks  having  been  taken  from  the  stomach 
of  one  of  them.  Slyly  approaching  from  below,  they  seize 
birds  as  they  float  upon  the  surface." 
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The  gemu  LopMus  of  nortliem  range  has  a  vertebral  col- 
lunn  of  about  thirty  vertebne.  Lopkitis  Htulon  occurs  in  Japan. 
In  the  North  Pacific  is  found  LofMomus,  similar  in  appearance 
but  smaller  in  size,  rar^ing  southward  to  the  equator,  a 
aouthem  fish  having  but  eighteen,  vertebra.  Lophiomtis  seiigerus 
is  the  common  anlro  of  Japan,  and  other  species  ^re  recorded 
£Fom  Havaii  and  the  Galapagos. 

Tlw  SwJUrfls:  CaratlidtB. — ^The  sea-devils,  or  Ceraiiids,  are 
digenerate  anglers  of  various  forms,  found  in  the  depths  of  the 
arctic  seas.  The  body  is  comi»re»ed.  the  mouth  vertical;  the 
substance  is  very  soft,  and  1^  color  uniform  black.  Dr.  Guntber 
thns  speaks  of  them : 

"TTie  bathybial  sea-devils  are  degraded  forms  of  Lophiti 
they  descend  to  the  greatest  depths  of  the  ocean.    Their  bones 'J 


Fid.  6M  — Cryptopsaras 


are  of  an  extremely  light  and  thin  texture,  and  frequently  other 
parts  of  their  organization,  their  integuments,  muscles,  and 
intestines,  are  equally  loose  in  texture  when  the  specimens  are 
brought  to  the  surface.  In  their  habits  they  probably  do  not 
differ  in  any  degree  from  their  surface  representative,  Lophius, 
The  number  of  the  dorsal  spines  is  always  reduced,  and  at  the 
end  of  the  series  of  these  species  only  one  spine  remains,  with  a 


Order  Pediculati:  The  Anglers  751 

simple,  very  small  lamella  at  the  extremity  (Melanocetus  /o/in- 
sonti,    Melanocetus    murrayi).     In    other    forms    sometimes    a 


Fro.  OW.— DeeiHaes  Angler,  Ceratitu  holboUi  KiOyor.    OneiiUnd. 


Fio.  AM. — Caulophryne  jonlat 


Family  Cem/twfar. 


second  cephalic  spine,  sometimes  a  spine  on  the  back  of  the 
trunk,  is  preserved.  The  first  cephalic  spine  always  retains 
the  original  function  of  a  lure  for  other  marine  creatures,  but 
to  render  it  more  effective  a  special  luminous  organ  is  sometimes 
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developed  in  connection  with  the  filaments  with  which  its  ex- 
tremity is  provided  (Ceraiias  btsptnosus,  Oneirodes  eschricktii). 
So  far  as  known  at  present  these  complicated  tentacles  attain 
to  the  highest  degree  of  development  in  Himantolophtts  and 
Mgmonichlhys.  In  other  species  very  peculiar  dermal  appen- 
dages are  developed,  either  accompanying  the  spine  on  the  back 
or  replacing  it.  They  may  be  paired  or  form  a  group  of  thiee, 
are  pear-shaped,  covered  with  common  skin,  and  perforated  at 
the  top,  a  delicate  tentacle  sometimes  issuing  from  the  foramen." 
Of  the  fifteen  or  twenty  species  of  CeratiidcB  described,  none 


are  common  and  all  are  rare  catches  of  the  deep-sea  dredge. 
Caulophryne  jordani  is  remarkable  for  its  large  fins  and  the 
luminous  filaments,  Linophryne  lucifer  for  its  large  head,  and 
Corynolophus  reinhardti  for  its  luminous  fishing-bulb. 

The  Frogfishes:  Antennariidfe. — The  frogfishes,  AntemiariidcB, 
belong  to  the  tropical  seas  and  rarely  descend  far  below  the  sur- 
face. Most  of  them  abound  about  sand-banks  or  coral  reefs, 
especially  along  the  shores  of  the  East  and  West  Indies,  where 
they  creep  along  the  rocks  like  toads.     Some  are  pelagic,  drifting 
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about  in  floating  masses  of  seaweed.  All  are  fantastic  in  form 
and  color,  usually  closely  imitating  the  objects  about  them. 
The  body  is  compressed,  the  mouth  nearly  vertical,  and  the  skin 
either  prickly  or  provided  with  fleshy  slips. 

The  species  of  Pterophryne  live  in  the  open  sea,  drifting  with 
the  currents  in  masses  of  sargassum.  Two  species,  Pterophryne 
tumida  and  Pterophryne  gibba,  are  foimd  in  the  West  Indies  and 
Gulf  Stream.  Two  others  very  similar,  Pterophryne  histrio  and 
Pterophryne  ranina,  live  in  the  East  Indies  and  drift  in  the  Kuro 


-^r^-^- 


Fia.  66B  — Fiahing-frog,  AtUennariut  nox  JorcUii     W&kanoura,  Japan. 

Shiwo  of  Japan.  All  these  are  light  ohve-brown  with  fantastic 
black  markings. 

The  genus  Antennarius  contains  species  of  the  shoals  and 
reefs,  with  markings  which  correspond  to  the  colors  of  the  rocks. 
These  fishes  are  firm  in  texture  with  ix  velvety  skin,  and  the  pre- 
vailing color  is  brown  and  red.  There  are  many  species  wher- 
ever reefs  are  found,  Antennarius  ocellatus,  the  pescador,  is 
the  commonest  West  Indian  species.  Antennarius  multiocel- 
latus,  with  many  ocellated  spots,  is  the  Martin  Pescador  of  Cuba, 
also  common. 

On  the  Pacific  coast  of  Mexico  the  commonest  species  is 
Antennarius  strigatus.  In  Japan,  Antennarius  tridens  abounds 
everywhere  on  the  muddy  bottoms  of  the  bays.     Antennarius 
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nox  is  a  jet-black  species  o£  the  Japanese  reefs,  and  Antennartus 
sanguifluus  is  spotted  with  blood-red  in  imitation  of  coralline 
patches.     Many  other  species  abound  in  the  East  Indies  and  in 


[Fib.  M9.— Shoulder^rdle  of  a  Bataah.  Ogcoeephalwi  Tadiatw  (Mitchai). 
Polynesia.     The  genus  Chautiax  is  represented  by  several  deep- 
water  species  of  the  West  Indies,  Japan,  etc. 

The  GigaciinidcB  of  the  deep  seas  differ  from  the  Ogcoce- 
phalidiE,  according  to  Boulenger,  in  the  absence  of  ventrals. 


'4 


Pia.  aTO^Frogfish,  Aittennarus  toaUr  (Cuvier).    Puerto  Rico. 
The  Batfishes:   Ogcocepbalidte. — The  batfishes,  Ogcocepkalida, 
are  anglers  with  the  body  depressed  and  covered  with  hard 
bony  warts.     The  mouth  is  small  and  the  bony  bases  of  the 
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pectoral  and  ventral  fins  are  longer  than  in  any  other  of  the 
anglers.  The  species  live  in  the  warm  seas,  some  in  very  shallow 
water,  others  descending  to  great  depths,  the  deep-sea  forms 
beii^  small  and  more  or  less  degenerate.  These  walk  along  like 
toads  on  the  sea-bottoms ;  the  ventrals,  being  jugular,  act  as  fore 
legs  and  the  pectorals  extend  behind  them  as  hind  l^s. 

The  common  sea -bat,  or  diablo,  of  the  West  Indies,  Ogcocepha- 
lus  vespertilio,  is  dusky  in  color  with  the  belly  coppery  red. 
It  reaches  the  length  of  a  foot.  The  angling  spine  is  very  short, 
bidden  under  the  long  stiff  process  of  the  snout.    Farther  north 


FiQ.  «l\..~-Ogeoce-pholu»  veapertilio  (L.).     Florida. 


occurs  the  short-nosed  batfish,  Ogcocepkaltis  radiatus,  very  simi- 
lar, but  with  the  nostril  process,  or  snout,  bltmt  and  short.  Zali- 
eutes  elater,  with  a  large  black  eye-like  spot  on  each  side  of  the 
back,  is  found  on  the  west  coast  of  Mexico.  In  deeper  water 
are  species  of  Halieuiichthys  in  the  West  Indies  and  of  HalieuUea 
in  Japan.  Dibranchus  atlaniicus  has  the  gills  reduced  to  two 
pairs.  Malthopsis  consists  of  small  species,  with  the  rostrum 
prominent,  like  a  bishop's  miter.  Two  species  are  found  in  the 
Pacific,  Malthopsis  mitrata  in  Hawaii  and  Malthopsis  tiarella  in 
Japan. 

And  with  these  dainty  freaks  of  the  sea,  the  results  of  cen- 
turies on  centuries  of  specialization,  degenemtion,  and  adapta- 
tion, we  close  the  long  roll-call  of  the  fishes,  living  and  dead 
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And  in  their  long  genealogy  is  enfolded  the  genealogy  of  men 
and  beasts  and  birds  and  reptiles  and  of  all  other  back-boned 
animals  of  whom  the  fish-like  forms  are  at  once  the  ancestors, 
the  cousins,  and  the  youi^er  brothers.  When  the  fishes  of  the 
Devonian  age  came  out  upon  the  land,  the  potentiality  of  the 


Fio.  6T3.— Batfish,  Ogcocephatus  vesperlilio  (L).     Florida. 

higher  methods  of  life  first  became  manifest.  With  the  new 
conditions,  more  varied  and  more  exacting,  higher  and  more 
varied  specialization  was  demanded,  and,  in  response  to  these 
new  conditions,  from  a  fish-like  stock  have  arisen  all  the  birds 
and  beasts  and  men  that  have  dwelt  upon  the  earth. 


FiQ.  CTS. — Batfish,  OgeoeejAalua  veapertUio  (Liuueus).    Carolina  Coast. 


RESUME   OF  THE  CLASSIHCATION   OF  FISHES   AND 

FISH-LIKE   VERTEBRATES 

We  here  present  a  r^um^  of  the  classification  of  the  families  and  higher 
groups  of  fishes  and  of  the  other  aquatic  Chordata,  as  adopted  in  this  volume, 
a  few  slight  changes  being  made  in  certain  groups.  The  names  of  extinct 
families  are  printed  in  italics. 

Branch  or  Phylum  CHORDATA 
Division  PROTOCHORDATA 
Class  ENTEROPNEUSTA 

Order  ADELOCHORDATA 
Harrimaniidae 
Glandicepitidas 
Balanoglossids 
Class  TUNICATA 

Order  LARVACEA 

Append  iculariids 
Order  ASCIDIACEA 
Ascidiidse 
Cynthiidse 
Clavellinidas 
Molgulidas 
Botryllidse 
Polystyelidae 
Didemnidas 
Distomidae 
Polyclinidae 
Pyrosomidae 
Order  THALIACEA 
Salpidae 
Division  VERTEBRATA 
Class  LEPTOCARDH 

Branchiostomidas  (Lancelets) 
Class  CYCLOSTOMI 

Order  HYPEROTRETA 
Eptatretidse  (Borers) 
Myxinidae  (Hagfishes) 
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Order  HYPEROARTIA 

Petromyzonidas  (Lampreys) 

Mordaciidas 
Class  ELASMOBRANCHn 
Subclass  SELACHH 

Order  PLEUROPTERYGII 

Cladosdachida 
Order  ACANTHODEI 

Acanthoessida 

DiplacatUhida 

Ischnacanthida 
Order  ICHTHYOTOMI 

Pleuracanihida 
Order  NOTIDANI 

Hexanchidae  (Cow-sharks) 

Chlamydoselachidae  (Frill-sharks) 
Order  CESTRACIONTES 

Cochliodontida 

HybodontidcR 

OrvdofUida 

Heterodontidas  (Bull-head  Sharks) 

PsammodontidiB 

Tamiobaiida 
Order  ASTEROSPONDYLI  (GALEOIDEI) 

Scylliorhinidae  (Cat-sharks) 

Hemiscylliidae 

Orectolobidae 

Ginglymostomidae  (Nurse-sharks) 

Odontaspididae  (Sand-sharks) 

Mitsukurinida}  (Goblin-sharks) 

Alopiidx  (Threshers) 

Pseudotriakidae 

Lamnida^  (Man-eater  Sharks) 

Cetorhinida?  (Basking-sharks) 

Rhineodontidai 

Carchariida?  (Common  Sharks) 

S[)hyrnidx  (Hammer-head  Sharks) 
Order  TECTOSPONDYLI  (SQUALOIDEI) 

Squalidai  (Dog-fishes) 

Dalatiida) 

Echinorhinidx  (Bramble-sharks) 
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Ordex  TECTOSPONDYLI  {SQVAhOWEO^miimmt^ 

Squatinids  (Angd-fihark^) 

Pristic^oridc  (SaM-ebaxks) 
Order  BATOIDEI  (HYPOTREMLA) 

Pristids  (Sawfishes) 

Rhinobatids  (Guilar-&heB) 

Rajids  (Skates) 

Narcobatidse  (Tarpedoes) 

PcialodanUd^ 

Prisiodantidm 

Dasyatids  (Sting-tays) 

A^obatidftf  (£a^le'ra3r6) 

Psammodanlida 

Mobuiida  (Devil-rays) 
Subclass  HOLOCEPHAU 

Order  CHIM^ROIDEI 

Chimarridftr  (Chtmaoras) 

Rhinochinuerids; 

Callurhynchida;  (Bottfe^scwe  Chimnas) 

Fiydodottiida 

Sguahrajida 

M  yriacanlhidit 
Claas  OSTRACOPHOKI 

Order  HE7EROSTEACI 

ThelodanHdm 

Piommosieidtt 

Pieratpid<t 
Older  ObTEOSTHACJ 

Ctphala^pidit 

7'hyeslidct 

OdoiUo<UnUid<e 
Order  ANTIAKCJiA 

Ast^oUpUUe 
Order  ANASPIDA 

birkeniidat: 
Clabh  TEJUEOSl^^MI 

SubcUfc  CKOl5SOK]T:KyOU 
Order  //^  /^L/^"/  lA 

7  iH^ra^uidit 
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Order  RHIPIDISTIA 

Holoptychiid(B 

Megalichthyidm 

OsteolepidcR 

OnychodantidcR 
Order  ACTINISTIA 

CoslacarUhidcs 
Order  CLADISTIA 

Polypteridas  (Bichirs) 
Subclass  DIPNEUSTI 
Series  SIRENOIDEA 

Order  CTENODIPTERINI 

Uronemidts 

Dipterida 

Ctenodontid(E 
Order  SIRENOIDEI 

Ceratodontidae  (Barramundas) 

Lepidosirenidae  (Loalaches) 
Series  ARTHRODIRA 

Order  STEGOPHTHALAMI 

MacropetalichthyidcR 

AsterosUida 
Order  TEMNOTHORACI 

Chdonichihyid(B 
Order  ARTHROTHORACI 

Coccosteidce 

Dinichthyidce 

TitanichthyidcE 

Mylostomidce 

Selenosteidcc 
Order  CYCLIjE 

Palccospondylid(B 
Subclass  ACTINOPTERI 
Series  GANOIDEI 
Order  LYSOPTERI 

Pal(Eoniscid(E 

PlalvsomidcB 

DorypieridcB 

DictyopygidcB 
Order  CHONDROSTEI 

Chondrosteidce 


yi^^^  .■»»-.»i.*  m^T  j^«'»«>4»y '» 
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Order  ISOSPONDYLI— Cwi/jntifti 

Engraulidie  (Anchovies) 
Dorosomida;  (Gizzard -shads) 


Phareodonlidce 
Pantodontidas 
Alepocephalidic 
GonorhynchidiB 
CromeriidK 

Salmonids  (Salmon  and  Trout) 
Tbymallidffi  (Graylings) 
Argenlinida;  (Smelts) 
Microstomidx 
Salangidie  (Ice -fishes) 
SlomiatidjE 
AsironesihidK 
Mabcosteidfi 
Chauliodontida: 
Gonostomatidai 
Aulopidte 

Synodontidte  (Lizard -fishes) 
Benlhosaurida; 
Bathypteroidffi    . 
Ipnopida; 
Rondeletiidie 
Cetomimida; 

Myctophida;  (Lantern -fishes) 
Chirolhruidir: 
Rhindlida 
Exocoeloidida 
Mauroliciidte 

Plagyodontids  (Lancet-fishes) 
EvermanneLidtB 
Para  lep  ids 
Stemoptychidffi 
Idiacanthidse 
EnckodorUida 
DercetidcE 
SlTotodotUida 
Order  LYOPOAfl 
Halosauridse 


« 
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Suborder  EVENTOGNATHI 

Cyprinids  (Carp  and  Minnows) 

Catostomida;  (Suckers) 

Cobilidffi  (Loaches) 

Homalopteriida; 

Kneriidffi 
Suborder  NEMATOGNATHI 

DiplomystidiE 

SiluridiB  (Catfishes) 

SUorida: 

Bunocephalidae 

Plotosida; 

Chacidae 

Clariidas 

Hy  pop  ht  ha  Im  idse 

PygidiidK 

ArgidK 

Loricariid:e 

CallichthyidiE 
Suborder  GYMNONOTI 

Elect rophorids  (Elearic  Eels) 

Gymnotida;  (Carapos) 
Order  SCYPHOPHORI 

MormjTidte 

Gymnarchidae 

HaplochitonidEc 

Galaxiidfc  (New  Zealand  Trout) 
Order  HAPLOMI 

Esocidfe  (Pikes) 

Umbridfc  (Mud -minnows) 

Poeciliidffi  (Kitlifishes) 

Amblyopsidae  (Cave  Blindfishes) 

Crossognalkidie 

Cobilopsidte 
Order  XENOMI 

Dalliids  (Blackfishes) 
Older  ACANTHOPTERI 

Suborder  SYNENTOGNATHI 

Belonidx  (Garfishes) 

Exoccetidx  (Flying-fishes) 
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Suborder  PERCESOCES 

Atherinids  (Silversides) 

Mugilidae  (Mullets) 

Sphyraenidae  (Barracudas) 
Suborder  RHEGNOPTERI 

Polynemidae  (Thread-fins) 
Suborder  HEMIBRANCHII 

Gasterosteidae  (Sticklebacks) 

Aulorhynchidae 

ProtosyngnathidtB 

Fistulariidae  (Comet-fishes) 

Aulostomidae  (Trumpet-fishes) 

Macrorhamphosida*  (Snipe-fishes) 

Urosphenida 

RhamphosidcB 

Centriscidas  (Shrimp-fishes) 
Suborder  LOPHOBRANCHII 

Solenostomidas 

Syngnathidae  (Pipefishes  and  Sea-horses) 
Suborder  HYPOSTOMIDES 

Pegasida;  (Sea-moths) 
Suborder  SALMOPERCiE 

Percopsidae  (Trout-perch) 

Eris  matopteridcB 
Suborder  SELENICHTHYES 

Lampridae  (Opahs) 

SemiophoridcB 
Suborder  ZEOIDEA 

A  mphistiid<B 

Zeida;  (John-dories) 

Grammicolepidae 
Suborder  BERYCOIDEA 

Berjxida;  (Alfonsinos) 

Trachichthvidae 

Holocentridae  (Soldier-fishes) 

Polymixiidae 

Monocentridac  (Pine-cone  Fishes) 

Stephanoberycidae 
Suborder  PERCOMORPHI 

Group  SCOMBROIDEA 
Scombridae  (Mackerels) 


766  Classification  of  Fishes 


Group  SCOMBROIDEA— Con/iKwcrf 

Gempylida;  (Escotars) 

Lepidopidie  (Frost- fishes) 

Trichiuridie  {Cut  lass -fishes) 

Palaorky  nch  ida 

Isttophorida;  (Sailfishes) 

Xiphiida;  (Swordfishes) 

Carangidie  (Cavallas) 

Nematistiidae  (Papa^allos) 

Vomeropsidie 

Cheilodiplerid^  (Pomatomida;)  (Bluefishes) 

Rachycenlrids  (Sergeant- fishes) 

Stromateida;  (Harvest -fishes) 

Icosteidie  (Ragfishcs) 

Acrotidffi 

Zaproridie 

Bramidaj  (Pomfrets) 

Steinegeriida; 

PteractidK 

Coryphjenida^  (Dolphins) 

Equulidfc 

Lactariidse  

Mcnidrc 

LuvarUiac  (Louvars) 

Pempherids 

Bathyclupeidie 

Tetn^onuridie 
Group  PERCOIDEA 

Centrarchida;  (Sun fishes) 

Aphredoderidce  (Pirate-perches) 

Kuhliidffi  (Seseles) 

Elassomidsc  (Pygmy -perches) 

Oxylabracids  (Centropomid<e)   (Robalos) 

Percida;  (Perches  and  Darters) 

Apogonidae  (ApogonichthyidK)  (Cardinal-fishes) 

AmbassidK  (Parambassida;) 

ScombropidcE 

Acropomidffi 

EnoplosidEe 

Anomalopidx 

Asineopida 
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Group  FERCOIDEA— Continued 

Serranids  (Basses  and  Groupers) 

Lobotids  (Flashers) 

Priacanthids  (Big-eyes) 

Histiopterids 

Lutianids  (Snappers) 

Oesionids 

Hxmulids  (Grunts) 

Scorpidae 

Sparidae  (Porgies) 

Msnidae  (Picareb) 

Gerridae  (Mojarras) 

Kyphosidae  (Rudder-fishes) 

Mullidae  (Goat-fishes) 

Sciacnidae  (Croakers) 

Sillaginidae 

Oplegnathidae  (Stone-wall  Fishes) 

Nandidae 

Polycentridae 

Pseudochromidae 

Opisthognathidae  (Jawfishes) 

Trichodontidx  (Sand -fishes) 

Chiasmodontidae  (Swallowers) 

Champsodont  idae 

Malacanthidae  (Matajuelos) 

Latilidae  (Blanquillos) 

Pinguipedidae 

Cepolidae  (Ribbon-fishes) 

Cirrhitidai  (Hawk-fishes) 

Latrididac  (Trumpeters) 

Aplodactylidie 
Suborder  KURTOIDEA 

Kurtidae 
Suborder  LABYRINTHICI 
Anabantidac  (Climbing-fishes) 
Osphromenidae  (Gouramies) 
Helostomidac 
Luciocephalidae 
Ophicephalidae  (Snakefishes) 
Suborder  HOLCONOTI 
Embiotocidae  (Surf-fishes) 
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Suixnder  CHROMIDES. 

CicUidfle  (CichUib) 

Pomacentridfle  (Demofadks) 
Subprder  PHARYNGOGNATHI 

Labrids  (Wrasses) 

Scandae  (Scarichthyidas)  (Panot^shes) 

Odaddse 

Siphonognathids 
Suboider  SQUAMIPINNES 

Antigoniidffi  (Boarfishes) 

Tozotidie  (Archers) 

Ephippidffi 

narchidfle  (Spadefishes) 

Drepanidse 

Plataddae  (Batfishes) 

Ch«todontidse  (Butters-fishes) 

Zandids  (Moorish  idob) 

Acanthuridae  (Surgeons) 
Suborder  AMPHACANTHI 

Siganidae 
Suborder  SCLERODERMI  * 

Triacanthidae 

Balistidae  (Trigger-fishes) 

Monacanthidae  (Filefishes) 

SpifiacafUhiikB 
Suborder  OSTRACODERMI  * 

Ostraciidfe  (Trunkfishes) 
Suborder  GYMDODONTES  * 

Triodontidae  (Pursefishes) 

Chonerhinidae 

Tetraodontidae  (Pufifers) 

Diodontidae  (Rabbit-fishes) 

HepiadiodontduB 

Molidae  (Headfishes) 
Suborder  GOBIOIDEA 

Gobiidae  (Gobies) 

Oxudercidae 
Suborder  DISCOCEPHALI 

Echeneidae  (Remoras) 

*  These  three  suborders  constitute  the  series  called  PlectognathL 
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Suborder  SCLEROPAREI 

Scorpaenidae  (Rockfishes) 

Caracanthidae 

Anoplopomatidae  (Skil-fishes) 

OphiodontidaD  (Blue  Cods) 

Oxylebiidae 

2^iolepidae 

Hexagrammidae  (Greenlings) 

Platycephalidac 

Hoplichthyidae 

Bembridae 

Cottidae  (Sculpins) 

Ereuniidas 

Rhamphocottidae 

Comephoridas  (Baikal-fishes) 

Agonidas  (Sea-poachers) 

Cyclopteridae  (Lumpfishes) 

Liparidac  (Snailfishes) 
Suborder  CRANIOMI 

Triglidae  (Gurnards) 

Peristediidae 

Cephalacanthidae  (Flying  Gurnards) 
Suborder  T^ENIOSOMI 

Lophotidac 

Regalecidac  (Garfishes) 

Trachypteridae  (Dealfishes) 

Stylephoridae 
Suborder  HETEROSOMATA 

Pleuronectidae  (Flounders) 

Soleidae  (Soles) 
Suborder  JUGULARES 

Trachinidae  (Weevers) 

Callipterygida 

Nototheniidae 

Harpagiferidae 

Bovichthyidae 

Percophidae 

Pteropsaridae 

Bathymasteridae  (Ronquils) 

Leptoscopidae 

Uranoscopidas  (Star-gazers) 
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Suborder  JUGULARES— Con/*n««i 

Dactyloscopida; 

Callionymida;  (Dragonets) 

Rhyacichihj'ida.- 

Tridionotidie 

Hemeroccriida; 

Blenniida;  (Blennies) 

Xiphidiida;  (Gun  neb) 

Ptilichthyidie  (Quillfishes) 

Xiphasiidie 

Pateeddse 

Blochiida 

G  natfa  anacanthide 

Acantboclinids 

Gadopsid^e 

Ccrdalidie 

Anarrhichadida;  (Wolf-fishes) 

Cryptacanthodida.'  (Wry-mouths) 

Zoarcidfe  (Eel-pouts) 

Scjiaiinida; 

Congrogadida; 

Derepod  icht  hy  ida; 

Xenocephatidic 

Ophidiidx  (Cusk-eels) 

Ly  cod  apod  ida; 

Ammodytidie  (Sand-fauces) 

Bleekeriide 

FierasferidjE  (Pearlfishes) 

Brotulidaf  (Brotulas) 

Breg  mace  rot  ida 
Suborder  HAPLODOCI 

Batrachoididte  (Toad  fishes) 
Suborder  XENOPTERYCU 

Gobiesocidie  (Clingfishes) 
Suborder  OPISTHOMI 

Mastacembelida: 
Suborder  ANACANTHINI 

Gadidffi  (Codfishes) 

Rank!  pit  idee 

Bathyonids 

Merluciida:  (Hakes) 
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Suborder  AN ACASTUINI— Continued 
Macruridae  (Grenadiers) 
Ateleopodidae 
Mursenolepidae 
Order  PEDICULATI 

Lophiidae  (Fishing-frogs) 

Ceratiidae 

Antennariidae  (Frogfishes) 

Gigantactinidae 

Ogcocephalidae  (Sea-bats) 
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(Illattrmtions  are  indicated  by  an  aateritk.) 


Aboma,  673* 
Abramis,  387* 

abundance  of  food-6she9, 138 
Acanthopterygii,  424-431 

order  of,  424 
Acanthuridx,  618 
Achirinae,  705 
Achirus,  706* 
Adpoiaer,  256* 
Actmistia,  order  of,  230 
Actinopteri,  subclass,  246 
adaptations  of  fishes,  51-78 

to  environment,  42 
adult  male,  of  L^idosiren, 

242* 
iEoliscus,  450* 
iCthopiora,  60* 
iCtobatis,  215* 
African  catfish,  404* 
Agassiz,  on  fish  fauna  of  New 

England,  iii 
agency  of  ocean  currents,  96 
Agonids,  660 
agonoid  fish,  664* 
air-bladder,  11 

of  carp,  379* 
Alaska  cod,  741 

grayling,  137*,  343* 

pollack,  742 
Albacore,  477 

Goode  on,  478 

long-fin,  478* 
Albula,  37*,  271* 
Albulids,  271 
alcohol,  use  of,  i6t 
Aldrich,  photo  by,  112 
Aldrovandia,  361* 
AlectLs  491 
Alcpocephalus,  284* 
alewife,  276* 
Alfonsinos,  466 
alimentary  canal,  29 
alkaloids  in  fish,  54,  56,  57 
alligator-fish,  664 
alligator-gar,  261* 
allmouth,  749 
Alopiidae,  family  of,  193 
Altirus,  83*,  719* 
Amanses,  625* 
amber-fishes,  487,  488* 
amber- jack,  488 


Ambloplites,  514* 

skull  of,  J 1 1* 
Amblyop^cue,  419 
Amblyopsis,  421* 
Ameiurus,  400* 

destroyed     by     Iampre3rs, 

177* 
American  charr,  333 

American  trout,  origin  of,  320 

Amia,  262* 

Amiidx,  262 

Anunocrypta,  44*,  528* 

Anunodytes,  731* 

Ammodytidae,  731 

Amphacanthi,    suborder   of, 

620 

amphibians,  227 

origin  of,  226 
Amphistiidae,  462 
Amphistium,  462* 
Anabantidsc,  580 
Anabas,  580* 
Anableps,  414 

Nelson  on,  415 
Anacanthini,  739-747 
anadromous  fishes,  46 
Anarichadidae,  727 
Anarhichas,  727* 
Anarrhichthys,  skull  of,  727* 
ancestry  of  flounders,  694 
Anchovia,  280* 
anchovy,  silver,  280* 
ancient  outlet  of  Lake  Bonne- 
ville, 112 
angel-fish,  615* 
angler^fishes,  74,  748 
anglers,  748-756 
angling,  145 

Young  on,  145 
Anguilla,  366* 

lar\'^a  of,  367* 
Anguillidae,  365 
.\nisotremus,  555* 
.\nko,  t6*,  749* 
Anomalopidfp,  532 
Anoploma,  640* 
Anoplop)midap,  649 
Antennariida?,  752 
Antennarius,  753,  754* 
Antiffoniidae,  609 
Apeltes,  447* 


Apharcus,  5«* 
Aphredodendse,  509 
Aphredoderus,  510* 
Apia,  coral  reefs  of,  87* 
Apkxlactylide,  577 
Apodes,  362-377 

order  of,  364 
Apogon,  C3I*,  533* 
Apogonidae,  531 
Apomotis,  25*,  564* 
Archencheli,  364 
arches,  611 
archipterygium,  of  Neocerat- 

odus,  240* 
Archosargus,  29*,  561,  561* 
Arctic  codling,  743 
Arctic  species,  in  lakes,  125 

Malmgren  on,  126 
Argentinidae,  34^ 
Argyropelecus,  62* 
Ar^rrosomus,  289,  290* 
Ariscopus,  717* 
arm  of  frog,  227* 
amiUo,  552 
Arthrodires,  245* 
Asineopidae,  532 
Aspasma,  738* 
Aspidophoroides,  664* 
Aspro,  524* 
aspron,  524* 
Astroscopus,  59*,  715* 
Ateleopidae,  735 
Athcrinidae,  432 
Atherinopsis,  435* 
Atka-fish,  137*  650* 
Atka  mackerel,  650 
Atlantic  salmon,  312 

as  a  food-fish,  315 
Aulopidae,  353 
Aubrhynchidap,  447 
Aulostomidae,  448 
Aulostomus,  449* 
Australian  flying-fish,  429* 
aweoweo,  547 
ayu,  130*  338,  339* 

baere  sapo,  736* 
Baikal  rods,  666 
BairH,  on  bluefish,  494 
Bairdiella,  569* 
bajonado,  559 

775 


77* 

Balisles,  56*,  613* 
BalbCiila:,  613 
banded  rockfish,  643* 
banded  sundsh,  514* 
bandfishes,  577 

barfacuda,  4jS* 
barracudas,  437 
Barramunda,  341 
GUnther  on,  141 

mountain-chains  as,  1  ig 
to  disperaion  of  river-fislits. 

io6-ii8 
to  movement  of  tkhes.  g4 
waterfalls  and  cascades,  1 09 

basal    bone    of    dorsal    lin. 

319* 
basking -shark,  [g6,  197* 
bOK,  and  their  relatives,  531- 

bassatian  fishes,  gg 
bastard  halibut,  703 
bal6sh,  66g,  754,  756* 

shoulder -(rirdle  of,  754* 
Balhymasttr,  713* 
Bathymaatcr^die,  713 
Batrachnididie,  735 
Batoidei,  suborder  of,  106 
becuna,  43S 
Bcleosoma,  527* 
bellows-fish,  749 
BelonidE,  436 
Bcmdt,  photo  by,  13a* 
Beiycidic,  466 
Beryroid  Gshes,  465 

skull  of,  465* 
Beiycnidei,  465-473 
Eeryx,  466* 

skuU  of,  4ii5* 
beshow.  649 
biajaiba,  550* 
bigeye,  546*,  547 
bishop-fi=h,  15: 
black  angel-fish,  614* 
hlack  bass,  516 

Hallotk  on,  517 

Hen^httlloli,  517 

large-mouthed,  519 

small -nmutbed,  134*,  518 
black-fin  s  appcr,  550 
blork  grouper,  539 
black  nohu,  53*.  647* 
black-nosed  dace,  383* 
block  rriacodoi,  570 
black-sided  darter,  536* 
black  awolbwer,  37*,  574* 

Gill  on,  574 
black  tai.  5<;S 
black fiih,  Alaska,  433* 
blacksmith,  593 


blaiiquillos,  575 
bleak,  387 
blennies,  717-738 
Blennius,  718* 
blenny,  kelp,  718* 

sarcastic,  717* 
BlepsJas,  659* 
blind  Bnjtula.  734' 
blind  cave- fish,  430' 
blindfishes,  734 

of  Manimoulh  Cave,  4ri'' 
blob,  655* 
Bim-hiida^  734 
Bk)chius,  724* 
blueback  salmon,  796 
blue-breasted     darter,    84*, 

539* 
blue  cod,  651 
biucfin  Cisco,  190* 
blucfishes,  133*,  493.  494* 

Baiid  on.  494 

California,  568 

destructiveness  of,  494 
blue-gill,  5i5» 

blue-green  sunfish,    24,    3^*, 
,564* 

blue  paiTDl-fish,  6of;* 

blue    parrut-fish,    jans    of, 


t»t>"p  437* 
bocaccio,  640 
t»Ba.  563 
bonai'i  srara,  539 
hooaci  cardenal,  539 
bonito,  479 
bony  fishes,  264 

ilassifitation  of,  :6|; 
BnthiniB.  697 
botlle-nosed  chimicra.  e'g  of, 

howfins,  363* 
BrachymystaSi  191 
brain  or  sensorium,  39 

of  fish,  II 

of  monkfish.  204* 
Branchiostoma,  165* 
bream,  381 
Bregmacerolidac,  734 

bri-itly  ftlobefishes,  633* 
hrit,  434* 
bniad  soles  705 
hmok-tiDUt  333.  334*,  33S 
Brolula,  734* 
Bitilulid^,  733 
bcown  tang,  53*,  619* 
Brycon,  381 

Bryostcrama,  731*,  721* 
budai,  601 


buffalo-cod,  651 
buffalo-fishes,  391,  391* 

shoulder-girdle  of,  3jg* 
buffalo -sc-'lpin,  654* 
bullhead  shark,  :87» 
bumpers,  491 
burbot,  743,  744* 
b'jlter-fishes,  498,  538 
buIterHy-fish,  613* 
bulterfly-fisbes,  613 

cabczon,  653 

cabra  mora,  i3* 

cachucho,  551*,  553 

Cnlorhynchus,  746* 
,   cagDn  de  lo  alto.  551 

CJamu..  SS9' 

colico-bass,  jt3 

calico-salmon,  295 

California  hag&^,  i6q* 
loacclet,  165* 
roillcr's-lhumb,  657* 
sucker,  393* 

Callbreath's  hatchery,  310 

Callichlhyidie,  404,  714 

CalUpterygida;,  711 

Callorhynchus,  egg  of,  34* 

Calotumus.  jaws  of,  60] 

Canipostoma.  3i»,  386* 

candil.  470 

candle-fish,  347 

Cantor,  on  fighting-fish,  49 

capelin,  349* 

capilaine,  sgS* 

Caracanthidcc,  649 

Canmgida;,  487 

Carassius,  360* 

Carcharias.  199* 

carrharioid  sharks,  197 

Carcharodon.  196* 

cardinal -fishes,  531' 

caribe.  380 
.   Carangus,  490* 

carp.  382.  389 

Carpiodes,  393* 

carp -suckers,  391,  393* 

casabes,  491 

Cassiqjiaire,     dispersion 
through,  116 

catodromous  fishes.  4S 

Catalina  flying-fish,  43*,  430, 

,«■' 
cHtallneta.  555 
catalufa,  54?* 
catalufa  de  lo  alto,  504* 
catalufas,  503 
catfish  es, 

African,  51.  396-406 

channel,  398,  399* 

destroyed     bv     lampreys, 
'77* 

electric,  58*,  403* 

fossil,  405 
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catfishes, 

Old  World,  401 

sea,  397,  398* 

spine  of,  396 
Catostomids,  390 
Catostomus,  393 

pharyngeal  teeth  of,  394 
Caularchus,  70,  738* 
Caulophryne,  751* 
causes  of  dispersion,  127 
cavallas,  481,  487-507 
cave-fish,  420 
Cayuga  Lake,  lampreys  of, 

173-178 
centers  of  distribution,  97 

central  fact  of  distribution,  95 

Centrarchidae,  5  2 

Centriscida:,  449 

Centiopomus,  133* 

Cephalacanthidse,  669 

Cephalacanthus,  668* 

Cepolidse,  577 

Ceratias,  751* 

Ceratiidae,  750 

Ceratocottus,  655* 

Ceratodontidse,  wmily  of,  239 

Ceratodus,  teeth  of,  240* 

Ceratoscopelus,  356* 

Cerdalidx,  726 

Cestraciont  sharks,  teeth  of, 

i88* 

Cetomimus,  355* 

Cetorhinidae,  family  of,  196 

Cetorhinus,  197* 

Chsetodipterus,  134*,  612* 

Chaetodon,  613* 

Chsetodontidae,  613 

Chamsodontidae,  575 

Chanidae,  271 

Channa,  585* 

channel-bass,  569 

channel-cat,  398 

channel-catfish,  399* 

Chanos,  272* 

characters  of  Elasmobranchs, 

181 

charr,  330 

Chauliodus,  352* 

Cheilodipteridae,  493 

Cheilodipterus,  494* 

Chiasmodon,  27*  574* 

Chiasmodontidae,  574 

Chilomycterus,  634* 

Chimaera,  222* 

chimaeras,  218-223 

Dean  on,  220 

relationship  of,  220 

skeleton  of,  221* 

Woodward  on,  219 
Chimaeridae,  family  of,  221 
China-fishes,  585 
chirivita,  616 
Chirostoma,  138*,  434* 


Chirothricidae,  356 
Chirothrix,  273 
Chlamydoselachidae,     family 

of,  186 
Chlamydoselachus,  186* 
Chlarias,  404* 
Chlariidae,  403 
Chlevastes,  86 
chogset,  598 
Chologaster,  419* 
Chondrostei,  order  of,  253 
Chondrosteus,  254* 
Chonerhinidae,  632 
chopa  bianco,  564 
chopa  spina,  560 
Chromides,  591-607 

suborder,  591 
chub  mackerel,  476 
chub  of  Great  Basin,  i9&* 
chub  of  Pacific  slope,  388 
chub-sucker,  124*,  391* 
chum,  295 
Cichlidae,  591 
ciguatera,    54,    56,    57,   549, 

622,  624 
Cirrhitidae,  577 
Cirrhitus,  578* 
cisco,  289,  290* 
Cladistia,  order  of,  231 
Cladoselache,  183* 
Clark,   handwriting  and 

sketch  by,  348* 
classification 

of  bony  fishes,  265 

of  Dipnoans,  238 

of  Elasmobranchs,  181 

of  Ganoids,  249 
climbing-fish.  Gill  on,  580 
climbing-perch,  580* 
clingfishes,  70*  737,  738* 

sucking-disks  of,  70 
Clupea,  140*,  275* 
Clupeidffi,  275 
Clupeoidea,  268 
coalfish,  649 
cobbler-fish,  491 
cobia,  4Q7 
Cobitopsidaj,  439 
Cohitopsis,  439* 
cockeye- pilot,  594* 
codfishes,  140*,  740* 

dwarf,  743 

eggs  of,  741 
Coelacanthus,  230* 
coho,  295 

collecting,  methods  of,  158 
collection  of  fishes,  157-162 
Colocephali,  suborder  of,  371 
Colorado  River  trout,  329* 
coloration, 

effect  of  spirits  on,  88 

intensity  of,  85 

nuptial,  83 


coloration, 

recognition-marks,  84 

sexual,  83 

variation  of  pattern,  88 
colors  of  fishes,  79-89 
Columbia,  457* 
Comephoridae,  666 
common 

eel,  366* 

filefi^,  54*,  626* 

skate,  209* 

sturgeon,  255* 

sucker,  393* 

sunfish,  6*,  516* 
conejo,  482 
conger-eels,  368,  369* 

larva  of,  369* 
Conj^gadidae,  729 
contments,  map  of,  92 
coral-reef  fishes,  88 
coral  reefs,  at  Apia,  87* 
Corax,  teeth  of,  200* 
Coregonus,  130*,  286,  287*, 

288* 
cormorant  fishing,  142*,  143, 

H4*»  339 
Whitney  on,  339 

comet-fishes,  448 

coronado,  488  ' 

corsair,  641 

Corynolophus,  6o* 

Coryphaena,  502 

Coryphaenoides,  746* 

Cottidae,  652 

Cottus,  657* 

Cowfish,  627* 

skeleton  of,  31*,  629* 
cow-shark,  184* 
crab-eater,  497 

Prime  on,  497 
Craniomi,  suborder  of,  667 
crappie,  387,  512*  513* 
cravo,  459 
creekfish,  391* 
crested  bandfishes,  506 
Cristi vomer,  337* 
croaker^  565-578 
Crossognathidae,  439 
Crossopterygian    fish,    228*, 

233* 
fins  of,  227 

Crossopterygians,  orders  of, 

228 

Crossopterygii,  224-234 

Cryptacanthodes,  726* 

Cryptacanthodidae,  726 

Cryptopsaras,  750* 

Cryptotomus,  6oa* 

crystal 

darter,  528* 

goby,  677 
Crystallaria,  528* 
Crystallias,  665* 
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Ctcnodipterini,  order  of,  aj8 

Death  Valley  fish,  418* 

Ebisu,  557* 

CicnothrisM,  174* 

deep-sea  angler,  751* 

CleQothrissida;,  174 

DerepodichthyidBE,  730 

Echinorhinid.-e,     family     ot. 

Cuban  fishes,  1*3 

Derichthys,  375* 

204 

cubcro,  549 

dcvil-ray,  11 6* 

economic  fisheries,  142 

cub-3hark,  199* 

dtabb,  7SS 

eel-back  flounder,  704* 

cuckold.  6.7* 

diamond -fishes,  609 

eel.  common,  366» 

culluscod,  651* 

Diaphus,  555* 

eel- fairs,  365 

eel,  food  ot,  366 

cusk.  744 

Diodon,  15*.  633* 

larva  of,  366,  367 

cusk-wO.  730* 

DiodonlidE,  633 

eel-like  fishes,  363-377 

cutlass-Sshes,  481,  483* 

Diplesion,  loi*  527* 

eel-pout,  728*,  729* 

cuHhroal -trout,  32 j 

DipkKlus,  560* 

eels,  361 

Evermann  on,  326 

Dipbmystus,  278* 

duck-bill.  370 

CvcUffi,  245 

Dipnoans,    classification    of 

CycfapteridiE,  664 

238 

k>ng-nerked.  37J 

Cycloplenis.  665*           [101 

DiscoccphaU,  670-690 

Cycbspondyli,   suborder   of. 

Gill  on.  681 

snake,  369 

Cyclostornes,  167-178 

Dismal  Swamp  fish,  4'9* 

species  of,  367 

eslinci,  168 

i^gs 

orders  of,  168 

of  bottle -nosed   ch(m»ra. 

Cymalogasler,  32*,  586* 

dissection  of    the   Esh,   24- 

34* 

Cynogbssini,  708 

3' 

of  fishes,  32,  34* 

Cynoscion,  567' 

duitribution, 

othagfish,  34* 

CyprinidK,  382 
fossil,  393 

agency  of  ocean  currents, 

of  Port  Jackson  shark,  35*, 

96 

188* 

number  of  species,  384 

barriers  against,  97 

eighteeen-spined  sculpin,  65S* 
Efasmobranchii.  180-2.7 

Cyprinodon,  415* 

cenleraof,  97 

Cypaelunis,  43»,  43i« 

effect  of  temperature,  95 

Elasmobrancbs. 

equntorial  zone,  104 

characters  of,  i8t 

^•U.4*. 

of  fresh-water  fishes.  103 

classification  of,  181 

laws  of,  91 

of  littoral  fishes,  101 

subclasses  of.  183 

.pedciof,38s 

Classoma.  510* 

k>cal  barriers  to,  107 

EIa5somidK.sn 
electric  catfisfi.  jS*.  *>«• 

d^««>i^es6 

of  marine  fishes,  99 

northern  zone  of,  103 

electric  eel,  58 

southern  zone  of,  105 

electric  fishes,  58 

DuwU^^ya,  588* 

doctor-fish,  618 

Electris,  671* 

dogfish,  202* 

eteph ant-fish,  939* 

dogoto,  502 

Elopida;,  269 

indip),  S9S* 

dog-salmon.  39s 

Ebps,  269" 

darters. 

dog-snapper,  550 

Embiolocidte,  587 

black-sided,  5JS,  526* 

dollar- fish,  49S 

blue-breasted,  S29« 

Dolly    Varden     trout,     136, 

EmboUchthys,  731* 

crystal,  528 

336*.  337* 

fan  tail,  530 

dolphin,  502* 

Emmydrichthys,  52*,  647* 

g"by.  673* 

Donrella,  106*,  607* 

Empelrichlhys,  4i8» 

green-sided,  101*,  517* 

dorado,  503* 

Enchelvcephali,  suborder  of. 

johnny,  538 
least,  S3« 

Dora?, 

365 

Giinlheron,  403 

Enchelyopus,  744* 

r^nbow,  530 

domieur,  671* 

Engraulidida-,  280 

relation  to  perch,  51 1 

Dormilalor,  67s* 

Enophrys,  654» 

sand,  528 

DorJ-oma,  597* 

Entosphcnus,  175" 

tessellated,  5*7 

Dorosomatida^  379 

Dasyatidie,  211 

dorsal  fin,  of  Holoptychius, 

Dasyatis,  100,  213* 

229* 

540*  543* 

Da\-i3,  on  planting  of  Batoon- 

Ooryijteiids.  351 

equatorial 

iU<  3°9 

Don'pterus,  252 

fishes,  TO* 

day-chub,  head  of,  i86« 

Diaciscus,  663* 

zoneofdistributioa.  104 

dealfishes,  687,  688* 

dragon  ets,  714 

Ereunias,  66 1« 

Dean, 

drum,  572* 

Ericymba,  384* 

Erimyzon,  124,391* 

on  lateral  line,  »i 

eaglc-rav.  Ji5« 

Erismatoptcridic,  457 
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Erisoiatoptenifi,  457* 
ErpetoidithjrB,  234* 
eicolars,  482 
esmeralda  de  mar,  672^ 
Ksoridir,  409 
Esox,  137*  410*,  411* 
Eteiis,  551* 
Etheostoma,  84*,  $29* 
Etheostomiiue,  525 
Etmopterus  61  ♦,  203* 
Etiopus,  699* 
eulachon,  129*,  347* 

sketch  by  Clark,  348* 
Eupomotis,  6*,  12*,  516* 
European  chub,  pharyngeal 

bones  of,  382* 
European  ioies,  706 
Euiynotus,  251* 
Eurypholis,  359*,  36o* 
Eutmiiditbys,  678* 
Eventognathi,  382 
evefi^lade 

minnow,  4x6* 

pigmy  perch,  $10^ 
Eveimann, 

on  golden  trout,  323 

on  Two-Oceao  Pass,  1x7 
Exerpes,  721* 
ExocoBtida^  427 
EjEuglossimi,  head  of,  386* 
Exonautes,  429* 
eaoskeleton,  x8 
exterior  of  ^sh,  X4-23 
extinction  of  species,  93 
eyes,  of  flounders,  74 

fading  of  pigment,  888 
fair-inaid,  558 
faliflsh,386 

^imily 

Aiopiide,  193 

Anguillidte,  365 

CeratodontidK,  239 

CetorhinidK,  196 

Chixmeridie,  221 

Chlamydoselachidie,   186 

Dalatiid«e,  203 

Echinorhinida;,  204 

Heterodontida?,  188 

Hexanchidie,  X85 

Lamnida;,  194 

LepisosteidK,  259 

Mitsukurinidfe,  191 

Mobulidae,  216 

Moringuidie,  372 

Prisliophoridif ,  205 

Psammodontid^,  215 

Pseudotriakidw,  193 

Rhineodontidar,  197 

Sk-vUiorhinida*,  189 

Sphymida;,  200 

Squalidae,  202 
fantail  darter,  530 


fathead,  599 

faunal  areas,  102 

favorable  waters  have  most 

species,  ixo 
Fclichthys,  398* 
fiatola,  498 
Fierasfer,  45*,  712* 
issuing  from  Holothunan, 

733* 
Fierasferidte,  732 

fifihting-fish,  49,  584 

me6sh,  95*,  62J5* 

comxDon,  620^ 

needle-bearing,  625* 
fizman  haddie,  742 
^s, 

id  Crossopterygians,  227 

of  the  iish,  22 
fish, 

in  action,  10 

air-bladder  in,  1 1 

alimentary  canal  of,  29 

anadronujus,  46 

body  form  of,  X4 

brain  of,  11,  39 

breathing  of,  4 

catadromous,  48 

color  of,  f 

coral  ree^  88 

definition  of,  x 

disease  transmitted  by,  57 

of  Dibmal  Swamp,  419 

di&section  of,  24 

eg»s  of,  32,  34* 

ele<;iri< ,  58 

exterior  of,  X4-23 

face  of,  4 

fins  of,  8,  22 

fliglit  of,  43 

form  of,  ^ 

four-eyeo,  4x4* 

habittf  of,  38 

hearing  of,  7 

ink>iiK>uti,  61 

instinct  in,  40 

intestine  of,  3X 

jawb  of.  28* 

lateral  linct  in,  8 

iuniinouh  organs  of,  59 

Hicahureaient  of,  17 

migratory,  46 

nius»' le.s  i}i,  23 

mythology  of,  149-156 

of  |>ara<lii>i.*,  583 

pijic<on<',  471*,  47^ 

I^jib<^nous  flesh  in,  55 

pugna<  ity  of,  48 

ijuiciy  trill ,  44 

bi  all-.-  of ,  J  8 

sighl  ol,  5 

skeU'toii  of,  9 

tejniiCh  of,  51 

spiral  valve  in,  30 


fish, 

teeth  of,  4 

tide^-pooi,  45 

viviparous,  32*,  33*,  11 8* 
fish-god  of  Japan,  557* 
fisheries,  143 

economic*  142 
fiibe8» 

baasalian,  99 

berycoid,  46$ 

bony,  264 

butter,  498 

cardinal,  531 

coliectkm  of,  157-162 

colors  of,  79-89 

comer,  448 

Cuban,  123 

cutlass,  482 

damsel,  ^92 

distribution  of,  90-105 

eel-iike,  362 

elephant,  222 

equatorial,  102 

flesh  of,  129 

as  food  for  man,  128-148 

Eitar,  207,  208* 
gular,  709 
>yrinthine,  579 
lancet,  357,  35^* 
lantern,  352 
littoral,  loi 
lizard,  ^55 
lowlaad,  122 
lung,  235 
maUed<heek,  6rf 
roost  speciaUxea,  102 
nest-buUding  by,  445>  443 
paddle,  256 
parrot,  60 x 
pelagi< ,  999 
}>ercoid,  508 
uoison,  52 

Jiow  to  preserve,  159 
records  of,  i6x 
ribbon,  682 
river,  106 
rudder,  563 
sail,  483 
saw,  ao6,  207* 
b<:abbard,  482 
how  to  secure,  157 
sergeant,  497 
shark -like,  x8o 
slirimp,  449 
s>nipe,  449 
wjMicr,  468 
spiny -rayed,  424 
burf.  5H6 
tropiral,  142 
truinpel,  448 
U])laiKl,  120 
vi]>cr,  352 
viviparous,  586* 
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fishes, 

fou]>eyed  fish,  4x4* 

V   watersheds  crossed  by,  1x5 

Mmh  on,  4x4 

wolf,  727 

four^ined  sticUdmck,  447* 

wrasse^  596 

fresh-water  fishes,  X03 

fishing, 

fresh-water  vivaparous  perch. 

appofstuSy  X44 

587* 

lor  ayu»  14s*,  144* 

fr&nte-mackerel,  477 
fxffl-shark,  x86* 

connorant,     142*,     144*, 

memods  of,  X43 

frog,  ann  of,  227 

frogfishes,  752,  ^$4* 

for  tai,  147* 

frostfish,  743 

fishing-frog,  x6*,  748,  749*» 

Fundulus,  4x7* 

Fistularia, 

Gadidfle,  740 

shoulder-girdle  of,  442 

GadopsldBe,  726 

FIstulariidc,  448 

Gadus,  X40*,  740* 

flashers,  545* 

mff-topsail  cat,  398* 
Ualaxiidae,  422 

flatfishes,  691 

flatheads,652 

Galeichthys,  398* 

flesh  of  fieihes,  129 

Galeus,  198* 

fli^t  of  fish,  43 

galUwasp,  355 

Gilbert  on,  43 

Ganoidei,  senes,  247 

Florida 

Ganoids,  246-263 

classification  0]^  249 
garfishes,  426 

ttm-fiah,  644* 

flounder,  ed-back,  704 

Garibaldi,  8o*,  593* 

homocercal  tail  of,  696* 

garpikes,  260 

larval,  693* 

imaginary,  154 

larval  stages  of,  7$*,  77* 

ABSpeigDU,  568 

Gasterosteidse,  443 

shoulder-girdle  of,  247* 

wide-ejred,  698* 

Gasterosteus,  447* 

wide-mouthed,  703* 

shoulder-girdle  of,  442* 

young,  76*,  692* 

Gastronemus,  504* 

flcMinders,  695 

Gastrostomus,  375* 

ancestry  oi,  694 

gatasami,  575 

eyes  of,  74 

Gempylids,  482 

optic  nerve  of,  692 

geographical  distribution,  90- 

flower  of  the  surf,  435* 

105 

flying-fish,  43*,  427 

Germo,  478* 

Australian,  429* 

Gerres,  563* 

Catalina,  430 

ghostfish,  727 

sharp-nosed,  430* 

Gibbonsia,  718* 

flying  gurnards,  668*,  669 

Gigactinidie,  754 

flying  robin,  669 

Gilbert, 

Fodiator,  430* 

on  electric  organs,  59 

food 

on  flight  of  fishes,  43 

of  eels,  366 

Gilbertidia,  662* 

of  lampreys,  171 

GiU 

food-fishes, 

on  black-swallower,  574 

abundance  of,  138 

on  climbing-fish,  580 

relative  rank  of,  129 

on  Discocephali,  681 

foolfishes,  624 

on  labyrinthine  fishes,  579 

Forgy,  on  capture  of  oarfish, 

on  Lopholotilus,  575 

684 

on  Trachinidae,  710 

formalin,  value  of,  160 

gill-basket  of  lamprey,  166* 

fossil 

Gillichthys,  674* 

catfishes,  40^ 

gilt-head,  558 

Cyprinidae,  393 

ginpo,  722 

flounders,  696 

globefishes,  69,  98*,  630 

herring,  278* 

bristly,  633* 

remora,  Storms  on,  680 

Glyphisodon,  594* 

Salmonidse,  341 

Gnathanacanthidae,  726 

four-bearded  rockling,  744* 

Gnathonemus,  408* 

goatfisfaes,  565 

Shies,  670 
>biidse,67o 
Gobioidd,  670-690 
Gobiomorus,  46,  500* 
Gobionellus,  672* 
goblin-sharks,  X9X,  192* 
gofu,  82* 

golden  sttiniullet,  X3X*,  566* 
golden  trout,  322 

Evermann  on,  taj 
flokifish,  360* ,  389 
UonorhyndddK^  280 
Goode, 

on  Albaoore,  478 

on  halibut  fibsh^,  700 

on  mackerel,  47c 

on  Spanish  maoLerel,  479 
Goodea,33« 
goosefiah,749 
goujon,  40X 

Siurami,  halnts  of,  <82 
rammicolepidje,  464 
grand  toille,  270* 

gnw*  I»i8y»  S^o 
g^yling,  343 

Alaskan,  343* 

of  Europe,  344 

Midiigan,  345* 

and  smelt,  343-36X 
gray  snapper,  548*,  549 
Great  Basin,  <^ub  of,  388* 

fish  fauna  of,  xxx 
neat  oarfish,  ^3 . 
Great  Lake  trout,  337* 
great  parrot-fish,  X39* 
great  sculpin,  653 
green-back  trout,  328* 
green  cod,  742 
Greene,  on  photophores,  62 
green  fish 

of  Alaska,  651 

of  California,  564 
greenlings,  650,  651* 
green  rockfish,  640 
green-sided  darter, loi*,  527* 
grenadiers,  745,  746* 
grilse,  294* 

griset  or  cow-shark,  184* 
grouper,  537 

black,  539 

Nassau,  53 

red,  539 

snowy,  543* 

yellow-finned,  539 
grubby,  657 
grunts,  554* 
guacamaia,  139* 
guahu,  481 
guasa,  537 
guativere,  538 
guavina  de  rio,  670,  671* 
guavinamapo,  671,  672* 
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guttau'-fidies,  207,  308* 

gulpcr-ed,  37s* 

gulpcrs,374 

gunnd,  722* 

Gunther, 
00  Barraimmda,  241 
00  Doras,  402 
on  poison-oigans,  52 
00  poisonous  fishes,  737 
on  preserving  fish,  159 
on   zones  of  distribution, 

103 
gunards,  667 
Gjrmnodonto,  629 
Gjrmnonoti,  order  of,  406 
Gymnothorax,  373*  374* 
Gyiodus,  258* 
Gyroptychius,  230* 

habits 

of  fishes,  38 

of  lancelot,  164 

of  Lepido^ren,  243 
haddock,  742* 
Hadroptenis,  526* 
Haemulid^p,  552 
hagfishes,  70,  71*,  168 

California,  169* 

egg  of,  34* 

species  of,  170 
hake,  743,  745 
Halecomorphi,  order  of,  261 
halfbeak,  428* 
half-moon  fish,  564 
halibut,  141*,  700,  702* 
halibut    fishery,   Goode  on, 

700 
halibut  tribe,  699 
Halichoeres,  io6*,  607* 
Hallock,     on     black     bass, 

hammer-head    sharks,    200, 

201  ♦ 
HaplLstia,  228 
Haplochitonids,  351 
Hapkxkxri,  735 
Haplomi,  407-423 
hanl-tails,  490 
Harpagiferide,  711 
hanrest-fish,  16*,  498,  499* 
hatcheries,  Jadgeska,  yo 
head  of  day-chub,  38^ 
headfishes,  635* 
headliieht  fiih,  60^,  355* 
lMifoimu%  643 
l(dlr>«c/>midje,  584 
Hcmifiramhil,    suborder   of, 

Hemilepidotus,  654* 
Hemstntiterus,  650^ 
Henshally    on     buurk    'bass, 

517 
HeptnnchiaSy  teeth  of,  185* 


herring  140*,  275* 

fossil,  278* 

prcxiuct  of,  139 
heteiocercal    tail,    of    tioat, 

696* 
heteiodontidx,  188 
HeterodDntus,  187* 

egg  of»  35* 
lower  jaw  of,  187* 

teeth  of,  188* 

Heterognathi,  380 

Heteromi,  order  of,  376 

Heterosomata,  691-708 

HexagrammidEc,  650 

Uexagranunos,  651* 

Uexanchidae,  185 

Uexanchus,  184^ 

hickory-shad,  279* 

HJodon  272* 

Hiodontidae,  272 

Hippocampus,  15*,  78*,  451, 

453* 
Hippoglossuue,  699 

Uippoglossus,  141*,  702* 

Histikopterid^e,  547 

bog-choker  sole,  706* 

hogfish,  598* 

Holacanthus,  615*,  616* 

Holcolepis,  269'*' 

Holder,  on  capture  of  oarfish, 

685 

Holocentridx,  468 
Holocentris,  469* 
Holocephali,  218-223 
Holoconoti,  579-590 

suborder  oif,  586 
Holoptychius,  dorsal  fin  of, 

229* 
homocercal  tail,  of  flounder, 

696* 
Hopk>pagrus,  5  co* 
Hopkiptcryx  407* 
homed 

dace,  386,  387* 

pout,  399,  400* 

trunkfish,  627* 
hornless  trunkfish,  626^ 
horsehead-fish,    development 

of,  36* 
hound -sharks,  198 
Hucho,  329,  350* 
humpback  salmon,  295,  296* 
Hybodus,  teeth  of,  i88* 
Hyperoartia,  170 
Hypcrotreta,  r68 
Hypocritic  hth^  589* 
Hypophthalmidae,  404 
Hypoplwtrus,  542* 
Hyporhamphus,  428* 
Hypostomidcs,  442-455 
Hypsunis,  587* 
Hysterocarpus,  587*,  590 
Hypsypops,  80*,  593* 


icefishes,  350,  351* 
ichthyosis,  438 
Icosteids,  500 
Ictalurus,  399* 
Ictiobus,  392* 

shoulder-girdle  of,  379* 
igami,  601 
Darchids,  611 
inconnu,  291* 
Indian-fish,  616 
Indian  sawfish,  72* 
indiflo  damsel-fish,  <qs* 
Inumcus,  645 
iniomous  fishes,  61 
Iniomi,  suborder  of,  352 
instincts, 

classification  of,  40 

of  courtship,  41 

habits  and  adaptations,  3!&- 

50 
variability  of,  42 

Ipnopidae,  354 

Ipnops  354* 

Irish  k>rd,  653,  654* 

Irish  pampano,  563* 

Isabeuta,  615* 

Iso,  435* 
Isospondyli,  264-284 

relationships  of,  267 

Woodward  on,  265 
Istieus,  273* 
Istiophoride,  483 
Isuropsis,  194* 
Isurus,  teeth  of,  195* 
Italian    parrot-fish,    pharyn- 
geals of,  602* 
Ito,  330* 

jacks,  490 

iiadgeska  hatchery,  310 
allao,  555 

ianassa,  teeth  of,  211* 
anissary,  599 
Japanese 

blenny,  8* 

filefish,  95* 

samlet,  130*,  339* 

sea-horse,  78* 

snipefish,  449* 
Jaqueta,  594 
jawfishes,  573* 
jaws 

of  blue  parrot-fish,  604* 

of  fish,  28* 

of  Nemichthys,  42*,  371* 

of  parrot-fish,  602 

peculiarities  of,  73 
Jerusalem  haddock,  459 
jewfish,  Florida,  537* 
jewfishcs,  535 
jiguagua,  491 
jocu,  <50 
John -dories,  462,  463* 


john-paw,  539* 

Johnson,  on  intEibieeding  of 

salmon,  317 
jolt-head  porgy,  559* 

Jordandli.  416* 
□rdania.  653* 
jonibado,  41^1 
joturo,  437* 
Jotunis,  437* 
jugular- fishes,  709 
Jugulana,  709-716 
jurel,  491 

Kamchatka  lamprey,  17G* 

Karaloops  trout,  314 

kelp-blenny,  718* 

Kerr,  od  Lepidosiien,  243 

kettlcman,  749 

kiUiOshcs,  413 

king  of  the  mackerel,  636* 

king  of  salmon,  6S8* 

kingfiah,  570,  571* 

king-salmon,  194* 

Kirtlnndia,  434* 

kiaugo,  S71 

klipvisch,  730 

KneriidEe.  421 

Kochi,  65J 

Kubliidsc.  519 

kumu,  566 

Kyphosida;,  563 

Labridc,  596 
Labyrinthici,  579-590 
labyrinthine  fi^es,  gill  Id,  579 
Lachnolaimus,  598* 
LactariidEc,  573 
I.actophrys,3i*,   6J7,   6a8*, 

face  view  of,  628* 

skeleton  of,  639* 
lady&ah,  271* 

transformation  of,  37* 
Lftgoce|)halus,  630* 
lake  herring,  289 
Lake  Tahoe,  trout  of,  327 
lake  sturgeon,  256* 
Lamna,  teclh  of,  194* 
Lamnid^e,  family  of,  194 
Lamnoid  sharks,  190 
Lampclra,  172,  176* 
Lamprididie.  45S 
lamprey  a,  70,  167-178 

ascending  brook,  175* 

breeding  habits  of.  178 

calfishcs  destroyed  by,  177* 

of  Ca>Tiga  Lake,  i74-'78 

defined,  170 

f.wd  of,  I7t 

gill-basket  of,  i66* 

Kamchatka.  176* 

larval,  172* 

meumoiphosis  of ,  171 


lampreys, 
nuschief  by,  1 73 
of  Oregon,  175* 
running  of,  1 74 

Surface  on,  1 71 
Larapris,  132* 

shoulder-girdle  of,  458* 
lancelel,  163 

California,  165* 

habits  of,  164 
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lancet  of  surgeon-lisli,  53 
lancet-fishes,  357,  3s8*,  619 
tane-5iiapper,  SyO' 
lanlcm-nshes,  351.  356* 
large-mouthed     black     bass, 
5 '9.  5="=* 

of  common  eel.  367* 

of  i-onger-eel,  369* 

of  eel,  366 

of  Lepidosiren,  244* 
larval  flounder,  77*,  693* 
lateral  line,  S,  20 

function  of,  ai 
Latilida;,  575 
Latridida;,  577 
laws  of  distHbution,  91 
lawj'er,  743 

le  monslre  marin,  150»,  I5i« 
least  darter,  530 
Leadenfeld,  on  luminous  or- 
gans, 61 
length  of  intestine,  31 
loopard-toadfisli ,  735* 
Lepidaplois,  too* 
Lepidosiren,   adult   male  of, 
242* 

embryo  of,  243* 

Kerr  on,  ^43 

larva  of,  144* 
Lcpido  siren  idae,  242 
Lepidoslei,  order  of,  159 
Lepisosteidie,  family  of,  259 
Lepisosleus,  25i* 
Lepomis,  2*,  3*,  515* 
Leplecheneis,  61)*.  679* 
Lcptorardii,  163-166 
Leplocephalus.  larva  of,  3^9* 
Lcptolepidax,  268 
Leplolcpis.  268* 
Leptoscopidic,  713 
'  luriBcus,  388* 

pharyngwJ  bones  of,  sSi* 
ling.  743 
'■  .n-fish,  646» 

Florida,  644* 
Ijop'ictla.  704* 
Uparid,  665* 
IJparididf^  66j 


liltle-head  porgy,  559 
littoral  fishes,  101 

distribution  of,  too 
I  juranus.  86* 
luard-fishes,  353* 
lizard-skipper,  33",  719* 
baches,  394 
Lobotes,  545 
Lobotidic,  545 
local  barrier^  107 
Lockington.    on    long-janed 

goby,  673  I 

log-perch.  526 
king-eared  sunfish,  1,  3*,  j*,    , 

long-fin  albacore.  47S*  I 

long-jawed  piliy,  673,  674* 
Lockington  on,  673 

long-necked  eels,  37* 

Lophiidar,  748 

Lophiiis,  16*.  740* 

Lopbobranchii.  441-455 

Lopholotilus,  575 

Lopbopsetia,  697* 

Lophotidn:,  506 

Lord,    on    nesl-building    ol 
sticklebacks,  445 

Loricaria,  405* 

Lortrartidic,  404 

Ijola,  744* 

lou5r-&^,  63o 

louvar,  50;* 

lower  JBw 
of  Heierodontus,  187* 
of  Neoecratodus.  24** 
of  PolypEcrus,  232* 

bwer  pharyngeals 
of  parrot -fi5i,  fe4 
of  Placopharynx,  390* 

lowland  fishes,  121 

Ludocephalidx,  584 

luminous  organs,  59,  60*,  61, 
6",  64« 

lumpfish,  665* 

lump -suckers.  664 

lunglisbes,  235-245 

Lulianidie,  547 

Lutianus.  140*,  S48«,  550* 

Luvarida;.  506 

Lu varus,  305* 

Lyccnchelya,  739* 

Lycodapus,  730* 

Lycodea,  729* 

Lyiineri,  order  of,  374 

Lyopomi.  order  of,  361 

Lv9opieri,  order  of,  249 

Mackenzie  River  salmon,  2gi 
mackerel,  141* 

Atka.  650 

frigate.  477 

Goode  on,  475 

king  of,  6j6* 
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mackerel, 

midges,  744 

shark,  194* 

sharks  190 

Spanish,  479* 

thimble-eyed,  476 

tribe,  473 
mackerels,  473, 474, 475* 
Macrorhamphosids,  449 
Macrorhamphosus,  449* 
Macrouridx,  745 
mademoiselle,  569* 
mad-toms,  51*,  401* 
Ma!nid;r,  561 
mahogany-siiapi>er,  550 
maigre,  5*69 
mailed  catfish,  405* 
mailed-cheek  fishes,  637-669 
Malacanthidc,  575 
male  red  salmon,  294* 
MaUotus,  349* 
Malma  trout,  336* 
Mammoth  Cave,  bUndfiah  of, 

421 
man-eating  shark,  195 
Manta,  216* 
map  of  continents,  9a 
margate-fish,  555 
marine  fishes, 

harriers  to  movement,  94 

distribution  of,  99 
mariposa,  4^9 

Marsh,  on  K>ur-«yed  fish,  414 
Mastaccmbelids,  739 
Mastacembelus,  739^ 
masu,  296* 
matao,  464 
Maurolicids,  357 
ma>-fish,  417* 
measurements  of  fish,  17 
mebaru,  642 

Meddaugh,  photo  by,  50* 
medialuna,  564 
medico,  61 8* 
Megalichthyidse,  229 
Melanogranmius,  742* 
Mene,  J03* 
menhaden,  277* 
Menidae,  503 
Menticirrhus,  571* 
Merluciidne,  745 
mermaid,  the,  149 
mero,  539* 
merou,  538 
Mesogonistius,  514 
Mesturus,  259* 
metamorphosis,  of  lamprey, 

171 
Michigan  grayling,  345* 

Microgadus,  743* 

Microptenis,  134*,  518*,  520^ 

Microspathodon,  595* 

Microstomidfls,  350 


midshipman,  736 

luminous  organs  of,  64* 

phosphorescent   organ   of, 
65*  66* 
migratory  fish,  46 
milkfish,  272* 
miller's-thumb,  655*,  656* 

California,  657* 

Yellowstone,  655 
Minnows,  382,  412 

everglade,  416 

round,  415 

silver-jaw,  384* 

sword-tail,  41 8* 
minor  faunal  areas,  102 
Misaki  Biological  Station,  47* 
mischief  done  by  lampreys, 

173 
Mitsukurina,  192* 

Mitsukurinids,  family  of,  191 

Mobulid;r,  family  of,  216 

mojarras,  561,  562* 

blanca,  562 

cardenal,  469 

de  las  piedras,  616 

de  ley,  562 
roola,  635* 
Molidie,  635 
Monaraiithidae,  624 
monkfish,  149,  749 

brain  of,  204* 

Rondelet  on,  149 
Monocentrids,  472 
Monoccntris,  14*,  471* 
Monodactylus,  6o8* 
monstrous  goldfish,  360* 
mooneye,  272* 
nKJonfish,  132*,  459,  491,  503 
Moorish  idol,  617* 
Moorish  idols,  617 
moray,  374* 
morays,  371 

Moringuids,  family  of,  372 
Mormvrida,  407 
Moron e,  536* 
mountain  chains,  as  barriers, 

119 
mouth 

of  brook  lamprey,  172* 

of  lake  lamprey,  172* 

of  lamprey,  172* 
mud-minnow,  412* 
mud-minnows,  412 
mud-skippers,  676,  677* 
muffle^jaws,  655 
Mugil,  441* 
Mugilidic,  436 
mullets,  436 

snake-head,  584 

striped,  441* 
Mullids,  565 
Mullus,  131*,  566* 
munu,  560 


Munena,  372* 
murdelago,  669 
muscles  of  the  fish,  23 
muskallunge,  411* 
mutsu,  532 

mutton>snapi>er,  140*,  549 
Mycterop)crca,  541* 
Myctophids,  355 
Myctophum,  356* 
Myliobatids,  214 
Myoxocephalus,    656,    657*, 

658« 
Myrichthys,  370* 
mythology  of  fishes,  149-156 
Myxine,  egg  of,  34* 

Nandids,  572 
Narcine,  57,  2io* 
Narcobatids,  210 
Nassau  grouper,  538* 
natural  selecUon,  enect  of,  106 

effect  on  species,  93 
Naucrates,  488* 
needle-bearing  filefiah,  624* 
needle-fish,  426* 
negro-chub,  386 
negro-fish,  538 
Nelson,  on  Anablebs,  415 
nematistiids,  493 
Nematognathi,  396-406 

families  of,  397 
Nemichthys,  15*,  155*,  371* 

jaws  of,  42* 
Neoceratodus,  240* 

archipterygium  of,  240 

lower  jaw  of,  242* 

shoulder-girdle  of,  235* 

upper  jaw  of,  241* 
Neoclinus,  717* 
Neoliparis,  666* 
Neosebastes,  644 
nerve-celb  and  fibers,  38 
nest-building^  443 
nest  of  fish,  13 
New  England  fish  fauna,  1 1  x 
northern  blennies,  721 
northern  zone  of  distribution, 

103 
Notacanthus,  377 
Notidani,  order  of,  184 
Notogoneus,  281* 
NotoUieniidae,  711 
Notropis,  384,  385* 
Notropteridae,  274 
numbfish,  57*,  210* 
nuptial 

coloration,  83 

tubercles,  386* 

oarfish,  152*  153* 

capture  of,  684 
ocean  currents,  affecting  dis- 
tribution, 96 
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OgpoceptuMB^  754 
OfDcocepbahii,  755*,  756* 
OBgocjottus,  660^ 
Onooihync^ua,    999,    395*, 
a94*,  396»,  300*  301* 
of  Monterey  Bfty,  303* 
Qnocotttis,  659* 
opah,  X3a^  458,  459 
(^)iikephalidae^  5S4 


Ophicephalu8»  5^^* 
Ophidithiu,  37^ 
Ophkiiidje^  730 
OphiodoD,  6$i* 
(^ifsthognathidK,  573 
Oi^sthognatluis,  573^,  574* 
(^isthomi,  739-747 
QpUegnalhidie,  573 
optic  nerve  of  floiinder,  699 
Older* 

Acanthopteiyg^  494 

Actinistia,  930 

Anacanthini,  739 

Apodca,  364 

Asteiospondjfli,  x86 

Caiendidi,  373 

Oiondiottei,  953 

Cbdistia,  931 

Cionopterygiansy  998 

Ctenodipta&i,  938 

^mmonoti,  406 

HakcomorplUt  96z 

Heteiom^  37^ 

laopondyfi*  965 

Lqndostei,  959 

Ijyomtn,  374 

Lyopomi,  361 

]>9opteri,  249 

Nodoani,  184 

Opisthomi,  739 

Pediculati,  748-756 

Pycnodonti,  258 

Scyphophori,  407 

Selachostomi,  256 

Sirenoidei,  239 

Symbranchia,  365 

Tectospondyli,  200 

Xenomi,  422 
Oregon 

lamprey,  175* 

sucker,    pharyngeal    teeth 

of,  394* 
,    trout-perch,  457* 
organs,  of  nutrition,  27 
origin 

of  Amphibians,  226 

of  lancelets,  165 
Osbeckia,  625* 
Osmenis,  34^ 
Osphromenidse,  582 
Ostariophysi,  378-395 
Osteoglossida?,  282 


Ostkhthvs,  470* 
Ostiadids,  696 
Ostnckm,  627* 
Ostraoopboriy  993 
ouananichey  Van  Dylce  on, 

3x6 
Owen,  on  swordfiah,  485 
Ozylabraz,  533* 
Oaorthe,  8*,  793* 

Pacific  slope,  diuba  o^  388 
paddle-fishes,  71,  956,  957* 
Paffnis,  556* 
Pauenomiscum,  950* 
PalflBoniscidae,  950 
PalflBOibyndikis,  483* 
PalflBOxhynchus,  483* 
PaOasKoa,  664* 
pampano,  Ir^,  563* 
^unpanos,  487-507 
PantodontidEB,  983 
Pi^Mgallos,  493 
Paralicfathys,  696*,  703* 
shoulder-girdle  of,  947* 
Paiatrachichthys,  468* 
Paieioplits,  627^669 
parent-stream  dieoxy,  305 
paigo  crioUo,  X40*,  549 
pazgo  de  lo  ako^  550 
paigo  guarhinango,  549 

pa'»o^547 
paw,  314 

panot-fishes,  5;;^,  6oz,  fiod'i' 
jaws  of,  28*,  002 
pharyngeab  o^  602* 

Mm,  6x6 

Patscidae,  726 

patao,  562 

peacock  flounder,  695* 

pearl-fishes,  45*,  732* 

issuing  from  Holothurian, 

733* 
p)^he  pr^tre,  640 

Pecropsis,  456* 

pegador,  69*,  679* 

Pegasidae,  454 

peixe  re,  433 

pelagic  fishes,  99 

Pelligrin,  on  poisonous  fish,  55 

Pemphris,  504*,  505* 

penfishes,  559 

Peprilus,  i^,  499* 

Perca,  523* 

Percesoces,  432-441 

perches,  473,  522 

climbing,  580* 

of  Europe,  522 

everglade  pigmy,  510 

pirate,  509 

relation  to  darters,  521 

true,  519 

viviparous,  587,  590 

yellow,  523* 


'Percb-like  fiaheB»  508-530 
fPeicide,  5x9 
iPerdna,  59^ 
perodd  fidies,  508 
terooidea,  507-530 
PeiooxQorpm,  4^3-486 
Percopsklc,  450 
jPeriophthaimiia,  677* 
Peristedudii^  €tS 
Peristedion,  io8*,  668»    * 
pescado  aciil,  593 
pescado  bianco,  i^,  434* 
pescadoa  del  r^i  433 

peace  rey,  433 
Fetalodontiai^  azx 

peto,  48X 

Petroxnvzon,  X7i*,  x77* 
mouu  o^  X79* 

pea  de  pluma,  559 

pea  del  rejr,  435* 

PhaneropIeonMii  9|p^ 

Phareodus,  983* 

phaiyngeal  bones,  of  Emo- 
pean  diub,  389* 

pbaryogeal  teetib,  of  Oxegoo 
8udDer»39^ 

pharyngeals,  of  Itidian  par- 
xot-fiah,  6o9* 

Pharyngogna^  591-407 

Philypnus,  671* 

PhoUs,  799« 

photopbores,  59 
in  iniomous  fiabes,  6z 
of  PorichtbTib  69 

Phtfainobrancaii  44^-455 

picaiels,  56X 

pickerel,  4x9 

picuda,  438 

pigmentation,  79 

pigmy  sunfishes,  51X 

pike,  137*,  409,  410* 

pike-perch,  524 

pilot-fish,  487,  488* 

Pimelometopon,  600* 

pine-cone  fish,  14*,  471*,  472 

pinfish,  560 

Pinguipedidae,  577 

pink  salmon,  295 

pintado,  481 

pipefishes,  451 

pirate-perches,  509,  510* 

Placopharynx,  lower  pharyn- 
geal of,  3,  390* 

Plagyodus,  358* 

plaice  tribe,  702 

Platacidae,  612 

Platichthys,  705* 

Platophrys,  75*,  76*,  695* 
larval,  694* 

Platycephalidse,  652 

Platysomidae,  250 

Plecoglossus,  130*,  339* 

Plectognathi,  622-636 


Index 


7^S 


Plenniidm,  717^7^ 

Pleurugrammus,  137*,  650* 

Pleuiunectidie,  695 

Pleurunectinai,  702 

PlotDsidts,  405 

Pogunias,  57^ 

puisunous  Bshes,  52*,  54,  55, 

57»  ^2*>  549>  62a,  647*, 

737 
Giinther  on,  737 

poie-Sounder,  704 

Poleuphthalmuji,  677* 

Polistutrema,  71*,  169* 

?DlJaA:k,  742* 
olycentrid«»  57a 
Polydactylus,  440* 
Polymixiida;»  471 
polyudon,  257* 
rolypterida?»  2 14 
Polypterus,  22^,  253* 
lower  jaw  oi,  232* 
shoukier-girvUe  oi,  226* 
P<>lyrhi2odus.  teeth  oi,  212 
Pomacanthus.  614* 
POimac-entridie,  592 
Pomacentru*»  593* 
Pomatomus,  132* 
Pt)mok>bus,  ^76* 
pom{)ano,  492* 

PL)m|)on.  555 
omoxis,  512*,  5 It* 
|X)nit-skipper,  677* 
poppy- fiah,  498 
porcupine- tiah,  15*,  633* 
pt>rgipa»  556 

k)Jt-head,  559* 

little-head,  559* 
Porichthys,  ai*,  64*,  736* 

luminous  organs  of,   64*, 
65*,  66* 

ph<H<)phores  of,  6a,  63 
porkfwh,  555* 
Port  Jacksttn  shark,  egg  (if, 

35*.  i««* 
x)rtugais,  616 

ortuguese  man-of-war  libh, 

46*,  500* 

preserving  fishes, 

in  aUoh<>l,  i6f 

in  formalin,  160 

Gtintheron,  159 
Pri;trarit}ji<la;,  547 
Priai  aiiihus,  545* 
l*ri\Aioi  V  uif/in,  657* 
pntnAi'iah.  640.  641* 
rrimie.  'm  <  ral>-cater,  497 
primitive     berring-liLt;     fii  .. 

26'/* 
Prvyn* A'JlS.  667* 
Pristjdid*.  206 
l*nsiUfjphfjru&,  73*,  ^05* 
Piistis,  7^*,  «o7* 


1^ 


Promicrops,  537* 
protection, 

of  young,  35 

through  poison,  54 
protective 

uolo ration,  79,  Sa* 

markings,  Si 
Pn.>ti>ptcruii,  245* 
Psaiumodontidtt?,   familv   oi, 

Psephuruii,  257* 
Psettias,  610* 
Pseudochromipide^  573 
Pseudopleuronectes,  77*,  693* 
PHCudopriacanthu:!,  546* 
Pseu<.k>scarus,  139* 
Pscudotriakidas  fanuly  oi  193 
Pscmlupcneus,  138*,  565* 
Psvcha>Iutcij,  602  ♦ 
Ptc*a>g«.>biui,  673* 
l*terois,  040* 
Ptea>phryue,  752* 
l*tca>piarida^  712 
Ptea>p.saron,  712* 
l*terv>thriiJ!»iiUc,  273 
Hilichthyidai,  723 
PtUichthvs,  724* 
Ptyih<HheUub,  48,  50*,  388* 
pudding-wife,  599 
pudiano,  5c» 
puffer,  631* 

inflated,  631* 
puffers,  630 
puguHiity  {>f  fishes,  48 
pug-nosed  eels,  367,  368* 
rycncKlonti,  order  of,   258 
Pyga^idte,  616 
Pygidiidiu,  404 

(juiescent  fish,  44 
•  juilltishes,  723,  734* 
<juinnut  saliniin,    292,    293*, 

303* 
young  male,  301* 

raliliit-fish,  483,  634* 
ratiirubia,  55 J 
Kai  hyientrida.',  497 
Ra/hyrt-niron,  497 
Kalinea^iue,     on     imagiiiary 

garj/iki;,  154 
ragfi^heS;  500  1 

raini»w  darter,  530  i 

rdinljt^w    trout,     135*,     3^0 

321*.  322* 
Raja.  20/* 
Raji'liir.  20H 
l<ai.g<i<'vtrr>ut,  135*,  33J* 

my,,  dc-vii.  iiij^ 
eagle,  2  J  5* 
sting,  21^ 


razor-hack  sucker,  394* 

razor-iish,  599* 

realms  of  distribution,  103 

recognition- nuirks,  84 

records  of  dshcs,  161 

red-drum,  569,  570* 

red-eye,  387 

redlin,  385 

redtlsh,  600* 

red  goatlish,  138*,  565* 

red  giMUpcr,  539* 

red  hind,  540* 

red  mullet,  566 

red  parrot- lish,  603* 

red  salmon,  294*,  300* 

red  tui,  556* 

red- throated  trout,  325 

red  voraz,  55^ 

kced,  on  trout  Qshing,  335 

reile.x  action  in  fish,  39 

Kcgale<ida.%  683 

RegaUxusj  152*,  iS3*»  ^3 
relationship, 

oi  chimaras,  320 

of  darters  to  ^^erches,  521 

of  IsusjKiudyU,  267 
relative   rank  oi   loodiish^, 

129 
remoras,  69,  679 
Remsberg,  photo  by,  152* 
re(|uins,  197 
Rhaau  hilus,  588* 
RhumphouUtida*,  660 
Rhamjihocottus,  662* 
Rhegniiptcri,  432-441 

suixirder  of,  439* 
Rhinos,  suUmler  of,  204 
Rhinellus,  357* 
Rhineodijntida:,     family    of, 

197 
Rhiniththys,  383* 
Rhinolmtida:,  207 
Rhinobatus,  208* 
Rhinoi  himaridie,  233 
Rhipidistia,  228 
Rhomlioihirus,  68o* 
Rhyat  ii  hthyifla*,  714 
ribtjon-hshes,  682 
Rirhard:jon's  sculpin,  662* 
Riii  Grainie  tn>ut,  329* 
Kisa*;la.  730* 
river-drMiJ).  ?68 
river  lid jta,  lo/b 
ri>ai  h,  38-^ 

rol>al*^,  i33*   533*,  569 
n>ik-bai>2>,  512,  514* 

skuli  of,  ^11* 
nxV  -ixautv,  6j6* 
r'/«  k-ujd,  040 
f'^-klisl),  640 
nxk-hiiid.  ih* 
nxJc-j^As,  592 
rock-skippcT;  719* 
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roddings,  730 

four-bearded,  744^ 
Rocky    Mountain   wWlefisli, 

287* 
romem,  487 

mncador,  yellow-fin,  571* 
loiiTO  amarillo,  554 
ronco  arati,  554 
Sonddel,  on  monkfish,  i4g 
Ronddetiida;,  355 
rosefish.  638* 
round  minnow,  415* 
Rudariua,  95* 
rudder-fiahea,  488,  563 
Rutlcr,  phoUi  by,  311,  388, 

59°.  657* 
Ryptiois,  544* 

saboti,  5:9 
sailfiahes,  483 
sailor's  dioice^  555 

SahuffAa,  350 
Salanx,3St* 

salema,  s6i* 

Salmo,  13S»,  136*,  31a,  33t*, 
3'*'.  3*4.  3»7*.   3*8*, 


t^^,  5 


after  BMtwaiDg.  300* 


IBdal 


AdHntic,  3ta 

bteedlag  chuiges  in,  303 
canning  of,  311 
cobn  of,  30a 
o(  Columbia,  306 
diminution  of,  311 
dying  after  spawning,  301 
of  Europe.  315 
humpback,  296* 
hybnds,  317 
interbreeding  of,  317 
ocean  hahils  of,  197 
parking  of,  311 
parent-stream  theory,  305 
Qiiinnat,  393 

running  of,  ]97-ti99 

species  of,  2g> 

value  of  pack.  304 
salmon  family,  385 
salmon  fishery,  output  of,  111 
salmon-fry,  marking  of,  30S 

planting  of,  308 
salmon  packbg,  311 
salraoneie,  i38*.  565* 
Salmon  idr,  185-341 

fossil,  34t 
Salmopercre,  456-464 
salpa,563 
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Sfllvelinus,  iSj*.  136*,  330, 
3}>*'  3J'*i  333*.  334*. 
33^.  337* 

samlet.  339* 

aamson-fish,  48S 

sand-darter,  44*  538* 

sandfishes,  578* 

saod-Unces,  731* 

sand-roller,  45  6» 

sand-whiting.  571 

San  Pedro  fish,  4;() 

sapo.  736 

sarcnslir-blenny,  717* 

sargas3um*fisb,  7;t* 

sargos,56o 

SBUger,  514* 

saurel,  489* 

saury,  437,  418* 

ssusoleic,  646 

sawfishes,  71,  106,  307* 
Indian,  71* 

SBW-aharks,  73*,  loj* 

scabbacd-fishes,  483 

Kales,  18,  19* 

Scapanorhynchu^  193 
Scajdiirhynchus,  95  6* 
Scaiids,  601 
Scartichlhys,  730* 
Scarus,  (505*,  6o6* 

[aws  of,  604* 

lower  pharyngeals  of,  604* 

upper  pharyngeals  of,  604* 
Scefodenns,  633 
Schilbeodes,  51,  401* 
ScLenida;,  567 
Sdamops,   570* 
Scomber,  141*,  475* 
Sooraberoraorus,  131*,  479* 
Scomhr«os,  428* 
Stombrida;,  474 
Scombroidea,  47J 
Scorptna.  644*,  645* 
Scorpirnichlhvs,  S53 

skull  of,  638* 
Scoipienicia^,  637 
Scorpxnopsis,  64; 
Storpidido^  6og 
scorpion- fishes,  6j7 
sculpins,  651 

eighleen-spined,  658* 

Pribilof,  657* 

Richardson's,  66i» 

sleek,  661 

BCUp.  558* 

Scyltiorhinidic,  family  of,  iSg 
Scyphophori,  407-413 
Se>Talina,  7^9* 
ScytalinidK,  739 
---bass,  534 

liatp  7SS 
sca-rallish,  397 
sea-deyjJji  316*,  750 


sea-horses,  15*,  451.  4;3« 
breeding  habits  of,  453 
aca-mink,  570 
sea-moths,  454,  455* 
sea-poatherB.  660 
sea-raven,  659* 
sea -robin,  667* 
sea -scorpion,  645" 
sea-serpent,  15 1 
sea-snails,  665 
seal-fish,  350 
SebftstapJstes,  645 
Sebastcs,  638* 
Sebastichthys,  641*,  643* 
Sebastiacus,  643 
Scbastodes.  639,  641* 
Sebastoiobus,  639* 
Sehastopsis.  643 
Selachii.  183 

SelachuEtoroi,  order  o^  nt 
Selene,  36* 
Semiophorus,  461* 
Semotilios,  387* 
sennet,  438 
sergeant-fish,  497* 

Gonoidet,  147 

Oslariophy^  ijS-aSS 
Serioln,48S* 
seTTana,57i 
Serrsnidc,  534 
serranos,  541 

^  de  lo  alto,  550 

— jhI  oobiation,  83 

Port  Jadcson.  18^ 

soup-fin,  1 98* 
shark-like  fishes,  iSo-sij 
sharks.  180 

basking.  196 

carchniioid,  197 

hammer-head,  loo,  joi* 
hound, I 98 
lamnoid.  190 

man-eating,  195 

thresher.  193 
shark's  pilot,  488 
shark-suckers.  679 
sharp-nosed  (iying-fish,  430" 
sheulfish,  403 
sheepshead,  39*,  5<So 
shiner,  383,  387* 

spcdea  of,  385 
ahoulder-girdie, 

inner  ^ew  of,  37<,» 

of  batfish.  754* 

of  Fistularia.  443* 

of  flounder,  347* 

of  NeotXTBiodux,  £35* 


Index 


787 


shoulder-girdle 

of  Opah,  458* 

of  Polvpterus,  226* 

of  stickleback,  442* 

of  threadfin,  440* 
shovel-nosed  sturgeon,  256* 
shrimplish,  450* 
shrimpfishes,  449 
Shufcldt, 

photo  by,  2,  6,  12,  334,  410, 

5^3.  5^o»  536,  543.  546*, 

597»  715 
sierra,  481 

Sierra  Nevada,  fish  fauna  of, 

"3 
Siganids,  620 

silk-snapper,  550 

Silla^inids,  572 

Silunds,  397 

silver  anchovy,  280* 

silver  hake,  745 

silver  jenny,  562 

silver  salmon,  295 

silver  surf-fish,  118* 

silverfin,  385* 

silver-jaw  minnow,  384* 

silversides,  432,  434* 

silvery  pufifer,  630* 

Simenchelys,  368* 

singing- fish,  21*,  736* 

Siphonognathids,  601 

Sirenoidei,  order  of,  239 

siscowet,  trout,  338 

Sisoridae,  403 

skates,  208,  209* 

skeleton 

of  chinuera,  221* 

of  cowfish,  629* 

of  fish,  9 
skilfishes,  649* 
skipper,  427 
skull 

of  Anarrhichthys,  727* 

of  berycoid  fish,  465* 

of  rock-bass,  511* 

of  Scorpanichthys,  638* 
sleek-sculpin,  662* 
slippery-dick,  io6*,  599,  607* 
sniall-mouth  black  bass,  134'*', 

518* 
smelt,  345,  346* 
smelt  and  grayling,  343-361 
Smith,  H.  M.,  photo  by,  175* 
snailfish,  666* 
snake-eels,  86*,  369 
snake-head  China-fish,  585* 
snake-head  mullets,  584 
snappers,  547 
snipe-fishes,  449 
snook,  534 
snowy  grouper,  543* 
Snyder,  photo  by,  147* 
Snyderina,  648* 


soapfishes,  544* 

soldier-fishes,  468,  469* 

sole,  hog-choker,  706* 

Soleids,  705 

Soleins,  706 

Solenostomids,  451 

Solenostomus,  452* 

soles,  705 

soup-fin  shark,  198* 

southern  zone  of  distribution, 
105 

spadefish,  134,  612* 

spMuiefishes,  611 

Spanish-flag,  537 

Spanish  lady-fish,  599 

Spanish  mackerel,  131*,  479* 
Goodc  on,  479 

Sparida,  556 

Sparisoma,  28*,  603* 
pharyngeals  of,  602 

species 

absent  through  barriers,  91 
absent    through  failure  of 

foothold,  91 
Arctic,  in  lakes,  125 
changed  through  selection, 

93 
excess  in  favorable  wat  rs, 

no 

extinction  of,  93 

of  eel,  367 

of  lancelet,  164 
speckled  hind,  539* 
speckled  trout,  135*,  333* 
spct,  438 
Spheroides,  631* 
Sphyracna,  438* 
Sphyracnidae,  437 
Sphyma,  201* 
Sphymida,  family  of,  2co 
Spinacanthids,  626 
spineless  trunkfish,  628* 
spines, 

of  catfish,  51 

of  sting-ray,  54 

venomous,  52 
spiny- rayed  fishes,  424 
spiral  valve,  30 
spotted  trunkfish,  627* 

face  view  of,  628* 
spotted  weakfish,  567* 
Squalidae,  family  of,  202 
Squalus,  202* 
squamipinnes,  60S-621 
square-tails,  506 
Squatina,  brain  of,  204* 
squawfish,  48*,  50*,  288* 

stranding  of,  50* 
squeteague,  567 
squirrel-fishes,  542 
squirrel-hake,  743 
sUr-gazers,   59*,   713,    714*, 

715* 


starry-flounder,  692,  705* 
steelhead,  319 
steelhead-trout,  136*,  324* 
Steindachnerella,  747* 
Stelgis,  662* 
Stenodus,  291* 
Stenotomus,  558* 
Stephanoberycidae,  438 
Stephanolepis,  54*,  626 
Stemoptychidae,  360 
Stichaemae,  721 
Stichaeus,  723 
sticklebacks,  443 

four-spined,  447 

nest-building  habits  of,  443 

shoulder-girdle  of,  442* 

three-spined,  447 
sting-rays,  100,  212,  213* 

spines  of,  54 
Stizostedion,  524* 
Stomias,  351* 
Stomiatids,  351 
stone-bass,  537 
stone-roller,  31*,  386* 
stone-sculpin.  654 
stone-wall  perch,  573* 
Storms,  on  fossil  remoras,  680 
striped  mojarra,  562 
striped  sheepshead,  561* 
Stromateid^e,  498 
structure,  of  lamprey,  167 
sturgeons,  254 

common,  255* 

lake,  256 

shovel-nosed,  256* 
Stylephoridac,  690 
subclass, 

Actinopteri,  246 

Crossopterygii,  225 

Dipneusti.  235-^45 

Elasmobranchs,  182 

Teleostei,  264 
suborder, 

Amphacanthi,  620 

Archencheli,  364 

Batoidei,  206 

Cestraciontes,  187 

Chromides,  591 

Colocephali,  371 

Craniomi,  667 

Cyclospondyli,  202 

Discocephali,  679 

Enchelycephali,  365 

Galei,  189 

Gobioidei,  670 

Haplodoci,  735 

Hemibranchii,  442 

Holconoti,  586 

Hypostomides,  454 

Iniomi,  352 

Percesoces  432 

Percomorphi,  473 

Pharyngognathi,*  595 
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subordei; 
Rlifigiiopterif  499 
£biBsvao4 

SdenlchthySy  i^ 
^mcotDgiiathli  495 
Tcoioaoiiii,  6S3 

sodttr,  390 

Calbmia,  391^ 

caipi39i 

oommoii,  591^ 

Oiegon,  394 

jEftaor-bidkt  394^ 
8i]cidiigHiidB%  70 
auddng-fii^  6g/*,  679* 
Sulelind  wateAcd,  X15 
Sunapee  tiout,  333* 
sunfiflliMi  51' 

bBiided,5Z4 

bhie-gieeii»  94»  35*,  564* 

commoii,  6*,  x3*,  5x6 

kmg-eftred,  i,  «♦,  3*,  5x5 

pteay.S" 
Suince. 

on  lunprqrii  X73 

photo  by,  I77* 
surf-fiilies,  586^  5881* 
suigeon-fiahes,  6x8 

lancet  of,  53 
sunnullets,  |(K~578 

goldoQi,  506* 
8«v«Ik>wer8»  574 
swampy  wBtmheda,  133 
swcctoih,  348 
swdl-toad,  034 
swordfishes,  71,  484, 485* 

Owen  on,  485 
swordtail-minnow,  418* 
Syadum,  698* 
Symbranchia,  order  of,  363 
Symphurus,  708 
Synanceia,  82*,  645 
Synaphobranchus,  368* 
Synechodus,  teeth  of,  188 
Synentognathi,  424-431 

suborder  of,  425 
Syngnathidae,  451 

Taeniosomi,  670-690 

Tahoe  trout,  136*,  327* 

tai  fishing,  147* 

tangs,  618 

target-fish,  464 

tarpon,  270* 

tarwhine,  558 

tautog,  596*,  597* 

Tautoga,  596*,  597* 

Tectospondyli,  order  of,  200 

teeth 

of  Ceratodus,  240* 

of  Cestraciont  sharks,  188* 


teeth 
of  diiiiMBra8»  9x9 
of  Corai^aoo* 
of  Hcptiandiiai,  z8|$^ 
of  Ibutus,  X95* 
of  JanaflMt  azz* 
of  Lamna,  19^ 

of  P6lyxllkodll8»  9X9* 

peculiaxitieB  o^  73 
xeieosie^ 

class,  924 

subclass  of,  964 
temperature,    alfectiiig   die- 

tribution,  95 
tench,  387 
tenpufame,  1994' 
ten-pounder,  96g/* 
tessellated  darter,  597* 
Tetradontidae,  630 
Tetragonurids,  506 
Tetraodon,  55*,  98*,  633* 
Teuthis*  53*,  6x8*,  6x^ 
Thaleichthys,  X99,  347* 
Theragra,  749* 
tfaick-Upped  surf-fish,  588* 
thimble-^ed  mackerel,  476 
thread-eel,  xs*,  155*,  371* 

jawso^  37X* 

threadfin,  shouMer-^'^  ^^» 

440* 
diieadfish,  49X 

three-splned  stidLld^ack,  447* 
tfaxesher-shark,  193 
Thymallidae,  343 
Thymallus,  137*,  343*,  345* 
tide-pool  fishes,  46 
tide-pools  of  Misaki,  47* 
tile-feh,  575 
toadfishes,  735 

leopard,  735* 

poison,  736 

tomcod,  743* 
tongue- fishes,  708 
top-minnows,  417 
torabuku,  634 
torpedo,  58*,  402* 
torpedoes,  210 
torsk,  744 
totuava,  568 
Toxotidae,  611 
Trachicephalus,  649* 
Trachichthyidae,  467 
Trachinidae,  710 

Gill  on,  710 
Trachinotus,  492* 
Trachurus,  489* 
Trachypteridse,  687 
Trachypterus,  688* 
transitional  groups,  456-464 
tree-climbing  fish,  49 
treefish,  642 
Trichiurus,  483 
Trichodon,  578* 


Tlidiodootidfl^  $]p8 
Trichopotida^  7x0 
txiflger-fidieti  5^»  ^5* 
T^dc667 
Triibpe,6s4^ 
TriodMrtidip,  699 
tx^le-taib,  545 
trc^fyical    wbm,  imiiefy  of, 

X49 
Tiopididithykle,  63s 

tlOIlt,  3^9 

bla<£-8potted,  3x8   ' 
brook,  333 

of  ODk»ado  River,  399* 
cutthxoat,  f  25 
Dolly  Vardten,  336^  337 
Gxeat  Lake,  337* 
green-back,  398 
heterocercal  tail  o^  696* 
Kamkx>p8»  394 
Malma,336 
lahibow,  390 
Rangd^,  331* 
red-ttiroated,  395 
Rio  Grande,  399P 

stedhead,  3x9 

Sunapee,  ^9* 

'Mioei397* 

of  Westem  America,  3x9 

yellow&i,  398 
trout-perdies,  456 
trout-worm,  figured,  396 
tnid^534 
true 

eels,  364 

mackerels,  474 

perches,  519 

sharks,  180-217 
trumpet-fishes,  448,  449* 
trunkfishes,  626 
Tuna,  477 
timny,  477 
turbot  tribe,  697 
Twin  Lakes,  trout  of,  328 
Two-Ocean  Pass,  116 

described    by    Evermann, 
117 
Tylosurus,  426* 
Typhlichthys,  420* 

ulchen,  129*,  347* 
Umbra,  412* 
Umbrina,  571* 
Undina,  231* 
imicom-fi^,  620 
upland  fishes,  120,  121 
upper  jaw,  of  Neoceratodus, 

241* 
upper  pharyngeals,  of  Indian 

parrot-fish,  604* 
Uranidea,  656* 
Uranoscopidap,  713 
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vaca,  541 

Van   D^ke,  on   ouananiche. 

white  perch,  536* 

yellow 

white    surf-fish,    32*,  586*, 

catfish,  401 

588* 

goatfish,  566 

variety  of  tropical  fishes,  142 

Whitman,  on  instincts,  42 

mackerel,  490* 

Vierosa,  672* 

wide-ej'cd  flounder,  76*,  698* 

perch,  523* 

viper-fishes,  352 

wide-mouthed  flounder,  703* 

ycllowfin 

viscera,  24 

Williams,  on  flounder  eye,  75 

grouper,  541* 

viuva,  640 

window-pane,  697* 

roncador,  571* 

viviparous  fish,  1 18* 

wolf-fishes  727*,  728 

trout,  328* 

\'iviparous  perch  587*,  590* 

woodcock-fish,  449 

Yellowstone    miller'^- thumb. 

volador,  669 

Woodward, 

655* 

on  chimacras,  2 19 

yellow-Uil,  488 

wachna  cod,  743 

on  Is()S{X)ndyli,  265 

yellow-tail  roncador,  570 

wall-evc,  523 

waterfalls  and   cascades,   as 

wrasse  fishes,  596 

snapper,  551* 

WTasses,  595 

Young,  on  angling,  145 

barriers,  109 

wreckfish  537 

young  flounder,  692* 

watersheds. 

wrymouth,  726* 

young  swordfish,  484* 

as  barriers,  114 

how  crossed,  115 

Xenocephalidse,  730 

swampy,  123 

Xenocys,  552*  . 

Zacalles,  721* 

Suletin'd.  115 

Xcnomi,  order  of,  422 

Zalises,  455* 

H'eakfish,  spotted,  567* 

Xenopier>'gii,  737 

Zanclidx,  617 

Weberian  apparatus  of  carp, 

Xiphasia,  725* 

Zanclus,  617* 

379* 

Xiphias,  484*,  485* 

zander,  524,  533 

H-eevers,  710 

Xiphiida;,  484 

Zaprora,  501 

whale-shark,  197 

Xiphiidina;,  721 

2^da;,  462 

while  bass,  535 

Xiphistes,  722* 

Zenomi,  407-423 

while-bone  porgy,  560 

Xiphophorus,  418* 

Zeuidea,  suborder,  460 

white  chub,  384* 

XvTauchcn,  394* 

Zesticelus,  658 

whiiefish,    130*,    286,    287*, 

Xyrias,  370* 

Zeus,  463* 

288* 

X\Tichlh\-s,  599* 

zmRcl*  525* 

of  California,  576 

Xystxma,  562* 

Zoarccs,  728* 

Rocky  Mountain,  287* 

Zoanidx,  728 

Sault,  289 

yellow 

zoogeography,  90 

white  hake,  743 

bass   siS 

Zygonectes,  417* 

THE  AMERICAN  NATURE  SERIES 

The  fortunate  increase  in  the  attention  paid  by  the  American  people 
to  Nature  study,  has  led  to  the  publication  of  many  popular  books  on  the 
subject,  some  of  which  are  good,  and  some  not.  In  the  hope  of  doing 
something  toward  furnishing  a  series  where  the  seeker  will  surely  find  a 
readable  book  of  high  authority,  the  publishers  of  the  American  Science 
Series  have  begun  the  publication  of  the  American  Nature  Series.  It  is 
the  intention  that  in  its  own  way,  the  new  series  shall  stand  on  a  par  with 
its  famous  predecessor. 

The  primary  object  of  the  new  series  is  to  answer  questions — those 

(outside  of  the  domain  of  philosophy)  which  the  contemplation  of  Nature 

is  constantly  arousing  in  the  mind  of  the   unscientific   intelligent  |)erson. 

But  a  collateral  object  will  be  to  give  some  intelligent  notion  of  the 

causes  of  things. " 

The  books  will  be  under  the  guarantee  of  American  experts,  and 
from  the  American  point  of  view ;  and  where  material  crowds  s|)ace,  pref- 
erence will  be  given  to  American  facts  over  others  of  not  more  than  equal 
interest. 

The  series  will  be  in  five  divisions : 

GROUP  I.    CLASSIFICATION  OF  NATURE 

This  division  will  consist  of  three  sections. 

Section  A.    A  large  popular  Natural  History  in  several  volumes, 

with  the  topics  treated  in  due  proportion,  by  authors  of  unquestioned 
authority.  There  is  no  existing  Natural  History  which  does  not  fall  short 
in  some  one  of  these  particulars.  Possibly  the  Natural  History  in  the 
American  Nature  Series  may  not  be  kept  ideal  regarding  all  of  them,  but 
if  it  is  not,  the  fault  will  not  be  due  to  carelessness  or  apathy  on  the  part 
of  the  publishers. 

The  books  so  far  arranged  for  in  this  section  are : 

FISHES,  by  David  Starr  Jordan,  President  of  the  Leland  Stanford  Uni- 
versity. 

INSECTS,  by  Vernon  L.  Kellogg,  Professor  in  the  Leland  Stanford  Junior 
University.     $5.00  net;  carriage,  35  cents. 

TREES,  by  N.  L.  Brixton,  Director  of  the  New  Yock  Botanical  Garden. 

WILD  MAMMALS  OF  NORTH  AMERICA,  by  C.  Hart  Merriam,  Chief 
of  the  United  States  Biological  Survey. 

BIRDS  OF  THE  WORLD,  a  popular  account  by  Frank  H.  Knowlton, 
M.S.,  Ph.D.,  Member  American  Ornithologists  Union,  President 
Biological  Society  of  Washington,  etc.,  etc.,  with  Chapter  on  Anatomy 
of  Birds  by  Frederick  A.  LtXAS,  Chief  Curator  Brooklyn  Academy 
Arts  and  Sciences,  and  edited  by  Robert  Ridgway,  Curator  of  Birds, 
U.  S.  National  Museum. 

Section  B.    A  Shorter  Natural  History  by  the  authors  of  Section  A, 

preserving  its  popular  character,  its  proportional  treatment  and  its  author- 
ity so  far  as  that  can  be  preserved  without  its  fullness. 

Section  C.    Identification  Books— *•  How  to  Know,*'  brief  and  in 
portable  shape.     By  the  authors  of  the  larger  treatises. 


AMERICAN       NATURE      SERIES      (Cotitimad) 

GROUP  U.  FUNCTIONS  OF  NATURE 

These  books  will  treat  of  the  rt-Utimi  of  fairts  to  causes  uad  e 
of  heredity  in  DrKanic  Nuture,  and  of  the  environment  in  all  Nnture.  In 
treating  of  InorK«mc  Nature,  the  physical  and  chemical  relations  will  be 
specially  expotinded;  and  in  treating  of  organiBed  creatures,  the  relationi 
to  fiiod  and  climate,  with  the  [leculiarities  of  their  functiuns — interiul  and 
external, 
THE   BIRD:    ITS   FORM  AND  FUNCTION,  by  C.  W,  Bkkde,  CuMtor 

of  Birds  in  the  New  York  Zoolosical  Park.     Svo,  40t!  [iji.     $:i.SO  net; 

by  mail,  |3.80. 

GROUP  III.  REALMS  OF  NATURE 

Detailed  treutment  of  various  departments  in  a  literary  and  popular 
way. 

Already   published: 
FERNS,   by   Campuell   E.    Waters,  of  Johns   Hopkins    University.      8to, 

pp.  xi  +  365.      Price  §3.00  m-t;  Uy  ni,iil.  ^S.SO. 

GROUP  IV.  WORKING  WITH  NATURE 

How  to  propagute,  develop  and  care  for  the  plants  and  animals. 

Published  in  this  division  is : 
NATURE  AND  HEALTH,  by  Edwahi.  Cuhtis,  Professor  Emeritui  In  the 

College  of  Physicians  and  Suri;eoHS.  ISmo,  $1.35  net;  by  mail,  $].ST. 

Arriinged  f'>r  are; 
CHEMISTRY  OF  DAILY  LIFE,    by   Hknbv   V.   Talbot,    Profewor  of 

Chemistry  in  the  Massachusetts  Institute  of  Technohijjy. 
DOMESTIC  ANIMALS,  by  Wjuj,im  H,   Brkweh,  Professor  EmcritiM  in 

Ykle  University. 
THE  CARE  OF  TREES  IN  LAWN,  STREET  AND  PARK,  by  B.  E. 

Fernow,  Late  Head  of  the  Cornell  School  of  Forestry. 

GROUP  V.    DIVERSIONS  FROM  NATURE 

This  division  will  include  a  wide  ranjje  of  writings  not  rigidly  system- 
atic or  formal,  but  written  only  by  authorities  of  standing. 
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